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An Outstanding 
Welding Event : 


ANNUAL MEETING —AMERICAN WELDING SOCIETY 


CLEVELAND 


October 19th to 23rd, 1936 





602M conjunction with 

National MetalCongress and Exposition 

ACH year leading executives, scientists and engi- 
kK; neers gather from all parts of the country (and 
some from abroad) to attend the technical sessions, 
committee meetings and social events which form 
part of the Annual Meeting of the American Weld- 
ing Society. 

This year the meetings will include an unusual 
array of scientific and engineering talent provided 
in the many reports, papers and symposiums. 
Almost every phase of welding and cutting will 
receive consideration. Results of research work at 
universities will be featured. One day is to be 
devoted to a Welding Symposium sponsored jointly 
by the American Welding Society and the American 
Society of Mechanical Engineers. Each year the 


attendance at these meetings grows and this year 


American Welding Society 


33 West 39th Street, New York, N. Y. 











promises to surpass all others. Complete program 
may be had on request. 

Some of the topics for discussion at the 1936 
Convention are— Fundamentals of Metallurgy of A 
Welding ... Welding Techniques . . . High Speed 
Motion Pictures of Various Welding Processes... 
..- Tests of Welds 
.. Structural Stee] Welding 


Welding of Non-Ferrous Metals. 
at Low Temperatures . 
... Brazing and Surfacing Problems. . . Design 

Control in Piping, Shipyards and Other Applica- 
tions... Welding of Alloy Steels... Welding of 
Machinery Equipment . . . Stress Analysis. 

Here is an opportunity to discuss your problems P 
with others interested. One idea alone obtained at 
this meeting may be worth many times the small 
expense of attending the sessions. This is your 
opportunity to see and learn of the progress made 
in the welding industry during the past busy year. 


You are cordially invited to attend. 
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Multi-Layer Oxyacetylene Pipe Welding — 
Part | 


By R. M. ROOKE? and F. C. SAACKEt 


is not a new process. It is and for a long time has 
been the general practice in electric fusion welding. 

The advantages are patent. The ductility of cast 
steels may be increased by the grain refinement obtained 
by reheating and cooling the steels through the critical 
temperature ranges. Every time a layer of weld metal 
is deposited onto another layer which has cooled to a 
temperature below the critical temperature, the grain 
structure of the unmelted weld metal is partially or 
wholly refined depending upon the penetration of the 
welding heat. 

In fact, the importance of this method of increasing 
the ductility by the grain refinement and possible stress 
relief resulting from the welding heat of subsequent layers 
of weld metal is best exemplified by the use, at times, of 
a final grain refining pass of weld metal which is depos- 
ited after the ‘‘vee’’ is completely filled and then ma- 
chined off entirely; the only purpose being to increase 
the ductility of the layer of weld metal that completes 
the filling up of the ‘‘vee.”’ 

Multi-layer welding has also been recommended and 
used in the past in the field of oxyacetylene welding but 
not in the most desirable form. It was readily recognized 
that with parent metal thicknesses over */, inch or even 
'/ inch, that the weld of necessity must be made in more 
than one layer; but it was not realized how important 
the length of the layers is in securing the ultimate in 
physical characteristics of the weld metal. Thus, pre- 
vious multi-layer welding was practiced with the layers 


Tis deposition of weld metal in more than one layer 
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Fig. 1—Sketch of individual Cross Sections of 1-, 2- and 3-Leyer Welds 


* Paper to be presented at Annual Meeting, AMERICAN WELDING Society, 
Cleveland, October 1936 

t Apparatus Research anil Development Department, Air Reduction Sales 
Company. 
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Fig.2 


Fig. 2—Sketch of Superimposed Cross Sections of 2- and 3-Layer Welds 


alternating in short steps of approximately one inch in 
length which did not allow the lower layers sufficient 
time to cool below the critical temperature of the steel 
before covering with further layers of weld metal 
Consequently, these short-step multi-layer welds did 
not develop very great ductility; the weld metal lacked 
that heat treatment available in long-step multi-layer 
welding. 

Of course, multi-layer welding on thick parent metal 
sections was practically a necessity with electric welding 
as the limitations of the process prevented the carrymg 
of as large a puddle of clean metal as could be done in 
gas welding. Furthermore, the temperature of the elec 
tric arc was so high that the necessity for preheating 
characteristic of gas welding is avoided. It was pre ybabli 
this necessity for preheating that caused the assumption 
in oxyacetylene welding that to bring any part to be 
joined up to a welding temperature more than once dur 
ing the welding process would be slow and an uneconom! 
cal operation. 

Superior Physical Characteristics 

Nevertheless, experiments carried out on 8-inch we 
ameter Grade A! (48,000 p.s.i. minimum tensile) an¢ 
Grade B (62,000 p.s.i. minimum tensile) pipe with wall 
thicknesses of !/2 inch and over have shown, when single , 
and multi-layer gas welds are made under the same condt- 
tions and on the same wall thicknesses, that the physic! 
characteristics, particularly the ductility o! the mult 
layer welds, are not only superior but the welding ume 
as well as the filler rod and gas consumptions are co” 
siderably lower. 

The superiority of the physical character! fen 
multi-layer welds over the single-layer welds depends 
upon two factors. — 

First, the weld metal is deposited in better condi 


stics of the 





1A.S.T.M. Specification A 106-34T. 
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due to the reduction in size of the molten puddle. With 
the increased linear speed of welding, the molten metal is 
less turbulent and worked at a lower temperature; it is 
exposed to the atmosphere for a shorter period of time 
and is more completely protected by the envelope of 
welding gases, and it is more readily bonded to the parent 
metal free from cold shuts or slag inclusions due to the 
simplification of the welding. — Y 

Second, the weld metal ductility is improved markedly 
with very little sacrifice of tensile strength by the grain 
refinement resulting from the welding heat of successive 
lavers of weld metal. This latter grain refinement, it 
must be remembered, is only present if the layers of 
weld metal are deposited in such lengths that the weld 
metal is reheated through the critical temperature range. 

The superiority of the welding efficiency of multi- 
layer welding over the single-layer method of welding as 
measured by the welding time, gas and welding rod con- 
sumptions may be better understood if we first consider 
the recommended process in detail. 


Comparison of Weld Metal Cross Sections 


Figure 1 shows five typical weld cross sections. On 
> -inch steel parent metal, we have a typical cross sec- 
tion of a single-layer backhand weld. The penetration 
is held to a minimum while the width of the weld only 
slightly exceeds the maximum width of the 60° vee. 

On '/e-inch steel parent metal, the left-hand figure 
shows a typical weld with the bad features resulting from 
the difficulties encountered in controlling such a large 
puddle of weld metal. In the effort to secure proper 
penetration at the bottom of the ‘‘vee,’’ the side walls are 
melted excessively and to correct the tendency of the 
weld from being undercut at the surface, the weld has to 
be widened excessively which in turn increases the height 
unnecessarily. 

The '/:-inch multi-layer weld on the other hand has 
avoided these difficulties by cutting down the cross sec- 
tion of the weld to the point where it can be properly 
controlled without difficulty and at the same time divid- 
ing up the details of welding so that the operator concen- 
trates on the root of the vee in the first layer and on the 
suriace of the weld and the proper penetration while 
depositing the second layer. 

On */,-inch steel parent metal, the faults of the single- 
layer weld are still further apparent as the welding rod 
and torch motions become greater and greater. The 
left-hand figure shows a typical cross section of such a 
weld made by an expert operator. The average good 
operator will invariably do a poor job if he attempts to 
make the weld in a single layer. And after all, why 
should he be expected to make a good job with such a 
method? On 5/,-inch walls, he uses a 5/,».-inch diameter 
welding rod. How can he handle a 8/,-inch rod on 
/einch parent metal thicknesses without more than 
doubling the diameter of the welding orifice? The weld- 
ing rod is too big for a smaller gas flow. With a larger 
gas flow, the operator gets too hot and if he trys to 
stand further away the rod and torch become unwieldy. 
a he right-hand weld on the */,-inch parent metal shows 
iow the smaller cross sections of the weld layers simplify 
and still further subdivide these problems. : 
a vi a the multi-layer welds compare in 
a with the single-layer welds and how much of the 
_-, Parent metal is unnecessarily melted in making the 


single-layer welds, 
Description of Three-Layer Rolling Pipe Weld 
_ Let us first consider a three-layer rolling weld on */,- 


inch nominal diameter, as that problem 
e features of this multi-layer welding 


inch wall pipe, 8- 
embodies all. th 
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method whether applied in two layers on ‘/»-inch wall 
thicknesses or in four layers on 1 inch walls or more in a 
the case of heavier sections. 

Jt is not intended to have the following description 
imply that a multi-layer weld is limited to a rolling weld. 
It is not. It may be applied to a position weld equally 
as well. A single layer position weld of extra heavy 
pipe is the most difficult to make satisfactorily and the 
application of multi-layer welding to a position weld of 
this size is particularly desirable. 

The pipe is beveled at a 30 or 37° angle and tack 
welded in three or more places. The first layer of weld 
metal (see Fig. 3, 1A) is started midway between two of 
the tacks on the side of the pipe facing the operator 
about 15 to 45° from the vertical. It is deposited by 


Finish 








Finish — 
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Fia.S 
Fig. 3—Sketch of 3-Layer 2-Pass Pipe Weld Cross Section 
Fig. 4—Sketch of 3-Layer 3-Pass Pipe Weld Cross Section 


Fig. 5—Sketch of Correct and Incorrect Shapes of Surfaces of First and Second Layers 
of 3-Layer Weld 
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the backhand method of welding, as are all the succeed- 
ing layers, until the operator cannot comfortably reach 
much further over the pipe. This segment of the first 
layer, therefore, ends on the other side of the pipe about 
15 to 45° from the vertical. During this step, the pipe 
which may be in long or short lengths has remained sta- 
tionary. 

The operator then goes back to the beginning of this 
step which has now cooled below the critical temperature 
of the weld metal and starts the first segment of the 
second layer (see Fig. 3, 2A). In doing this, he is care- 
ful to slope the start of the first layer with the torch and 
start the second layer a trifle past this point. The end 
of any complete pass of weld metal around the pipe 
should be completed against a slope instead of an abrupt 
change in section. 

The pipe is now turned during this second layer main- 
taining the molten puddle in the same position on the 
near side of the pipe until the end of the first layer is 
reached. Then, without removing the welding rod or 
in any way interrupting the operation, the weld slopes 
down to the level of the first layer and the second step of 
the first layer (see Fig. 3, 1B) is finished with the pipe 
stationary similar to the first step. The first two layers 
are thus deposited alternately in steps ranging from 2 
to 6 inches or more until the pipe has been completely 
turned through one revolution. 

These two layers deposited alternately in 2 to 6-inch 
steps in one complete pass around the pipe would be suf- 
ficient for a weld on pipe of '/2-inch wall thickness as 
indicated in Fig. 1. On the */,inch or */s-inch wall 
pipe, another layer is required and this is made continu- 
ously in a single pass around the pipe (see Fig. 3, 3). 
The end of the second layer and the start of this third 
layer are identical as the welding is continuous. In view 
of the fact that the outer layer of weld metal is often 
allowed to remain with its cast structure unchanged by 
any further heat treatment, this outer layer is usually 
kept as thin as practicable. 


Superior Welding Efficiencies 


If we now analyze the difference in conditions as we 
make this multi-layer weld and compare them with the 
conditions existing while making a single-layer weld, we 
can more easily understand the improved efficiencies. 

There are three main reasons why the single-layer welds 
on heavy walled pipe are less efficient than the multi- 
layer welds. 

First, in a single-layer weld a great deal of the hot 
gases from the oxyacetylene welding flame never touch 
the weld but pass through the opening at the bottom of 
the vee and are almost useless so far as the utilization 
of their thermal energy is concerned. In a multi-layer 
weld, this situation occurs only with the first layer and 
then at a smaller gas flow and a much more rapid linear 
speed of welding. 

Second, the cross section of the single-layer weld is 
much larger than the multi-layer weld which is again an 
indication of the excessive consumption of thermal energy 
in penetrating the side walls of the pipe deeper than 
necessary. 

Finally, the single-layer weld being more difficult to 
make on the heavier parent metal sections becomes ex- 
cessively slow due solely to the difficulties of the welding 
operation. 

If we consider each of the three layers of weld metal 
separately, the necessity for multi-layer welding becomes 
more evident. 

The first layer is deposited initially for two reasons, 
either of which is sufficient to justify its use. It should 
be remembered that the welding of a beveled edge is a 


complex problem in many ways. The rate of heat trans. 
fer naturally varies from a minimum at the tapered edge 
of the beveled plate to a maximum at the upper edg 
The problem becomes, in a single-layer weld, one of s 
distributing the heat from the welding torch and cop. 
trolling the rate of cooling that the molten puddle js 
kept uniformly liquid (at a uniform temperature 

With relatively thin parent metals, this is simple enough 
With thicker sections it becomes difficult and the bottom 
of the vee either overheats and lets the metal run throug) 
or it is kept at too low a temperature and the moltey 
metal runs over a thin film of liquid slag leaving slay 
inclusions and cold shuts. 

Thus, one important consideration is the necessity oj 
sealing the bottom of the vee free from cold shuts, slag 
inclusions and icicles. Furthermore, under the varying 
stresses and strains while welding, the spacing of the root 
of the vee sometimes varies and it becomes quite difficult 
to seal this properly when excessively wide when carrying 
a large puddle of weld metal. There must be any nun- 
ber of welders who have had to run a preliminary bead 
along the bottom of a vee that has opened wide to make 
a satisfactory weld. 

The other reason for this first layer, of course, is t 
seal the opening at the root of the vee so that the thermal 
energy of the welding gases is utilized more economically 
in depositing further layers of weld metal. 

The second layer is deposited with one sole object and 
that is to fill in the vee with weld metal properly fused 
into the walls of the parent metal without undue over 
heating or turbulence, all of which may leave oxide inclu- 
sions and blow-holes that lower the physical characteris 
tics of the weld metal. On */,-inch or 7/s-inch walls, 
a single fill-in layer is often sufficient; on 1-inch walls, it 
is recommended to use two fill-in layers, and so on, de 
pending upon the thickness of the parent metal since the 
maximum cross section of the weld metal layers is limited 
by the ability of the operator to deposit the metal quiet!) 
without undue turbulence. 

The last layer is then simply a problem of completing 
the weld and concentrating on keeping the weld as narrow 
and with as little reinforcement as possible as the upper 
edges of the vee have not yet been touched and readil) 
outline the desired width of the weld. In this layer, tt 
is a simple matter to prevent undercutting and keep 4 
suitable reinforcement. 


Shape of Layers 


The first problem arises from the natural tendency 0! 
each layer to be convex on top with sharp “vees © 
unbonded metal on each side. This must be avoided 4 
each succeeding layer must be sunk into the preceditif 
layer until the bottom of the lowest unwelded spot * 
reached. If each layer is deposited with a flat or cot 
cave upper surface, no remelting of the lower layer 
necessary beyond that required to suitably bond the tw: 
layers together. Consequently, each layer except the 
final one is deposited with the upper surface either flat 
or concave or with as little convexity as practicable 
This is not always possible in the first layer due to the 
speed of deposition, the temperature of the side wall 
and the nature of the welding operation. The convex) 
that is obtained in the first layer, unless excessively high 
is not so important, as the cross section of the first layer 
is so small that even if the first layer is half remelted y 
reach below all unwelded points, the total volume ° 
metal remelted is still small. The nature of the upp? 


surfaces of the weld metal layers is not evident in Fis’ 
but has been outlined in Fig. 5 to show the natur 
dencies as well as the most desired shapes. 
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A—1 layer, B—2 layers, C—3 layers 
Fig. 6—Photograph of 1-, 2- and 3-Layer Cross Sections 


Alternating First Two Layers 


The second problem arises from the necessity for main- 
taming the maximum efficiency in such an operation. 
The first two layers can be deposited either in two com- 
plete separate passes (see Fig. 4), that is, completing the 
entire first layer all the way around the pipe before start- 
ing the second layer, or alternating the two in steps of 
a nominal size, but completing the two layers in one com- 
plete pass around the pipe. 

One advantage of making the first two layers alter- 
nately in definite steps is to reduce the amount of pipe 
turning necessary when making a rolling weld. Thus, the 
irst two layers of a rolling weld if made in two passes 
require the pipe to be turned completely through two 
revolutions and when handling long pipe lengths is obvi- 
ously not as satisfactory as if turned only once as is the 
case when making the first two layers in one pass by al- 
‘eating the two as shown in Fig. 3. 

, The primary reason, however, for alternating the first 
~ layers is the improvement in the welding efficiency. 
-: takes less heat or thermal energy to join the lower 
_ of the bevel than to fill in the vee. Consequently, 
a one step of the second layer comes to the end of 
ms ba step of the first layer and the weld drops down 
has ntinue another step of the first layer, there is more 
~ Ina the pipe at this point than is needed to maintain 
oth “position of the first layer at a constant speed. In 

*t words, the preheat available for the second and all 
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succeeding steps of the first layer is greater than was 
used to start the first step of the first layer. The deposi- 
tion of these subsequent steps of the first layer, therefore, 
progresses at a much higher initial rate than the first 
step of the first layer, diminishing of course as the first 
layer progresses away from the last step of the second 
layer until a point is reached where the welding speed 
has reached an equilibrium or constant speed of the same 
magnitude as the speed of deposition of the first step of 
the first layer. 

The actual length of these steps is a little short of this 
equilibrium point and is determined by the comfort with 
which the operator can make a first class deposit without 
changing his position or rolling the pipe. Thus, all 
steps but the first step of the first layer are deposited 
under conditions that make available the welding heat 
of the second layer which means that the first layer is 
deposited at a higher over-all speed than would be the 
case if it was made in a continuous pass before starting 
the second layer without using a higher gas flow. 


Welding Technique 


The maximum efficiency obtainable is also dependent 
upon the variables present in all oxyacetylene welding 
operations, notably the welding flame, welding rod size 
and the position of the torch and welding rod. 

The welding flame should be soft and of the bulbous 
type, and adjusted to insure a neutral welding atmos- 
phere. The welding rod is preferably of '/,-inch size 
for the first layer and °/,s-inch size for subsequent layers. 

It is not necessary to use two sizes of welding rods, but 
it speeds up the operation. The use of a */,»-inch or '/,- 
inch rod for the first layer is governed by the spacing at 
the root of the vee and the desired size of the first layer. 
The fill-in layers are made larger with the torch flame 
playing directly on the end of the welding rod and melting 
it down as rapidly as possible. Consequently, a larger 
rod or even two '/,-inch rods may be used to make the 
welding progress faster. 

The proper relative positions of the torch and welding 
rod will vary during the welding. During the entire 
weld, the welding rod is held between the torch and the 
molten puddle of weld metal. In the first layer, the 
welding flame is pointed back toward the molten puddle 
while in the remaining layers the welding flame is held 
almost vertical (radial). Between these two positions, 
the angle of the welding flame will vary according to the 
condition of the molten puddle and the control necessary. 

An operator after a little practice should have little 
difficulty in securing strong, ductile welds on thick walled 
pipe by using the multi-layer method of welding. The 
higher welding speeds and economy of operation will de- 
pend upon the ability of the operator and will improve 
along with his experience in making multi-layer welds. 


Preparing Test Specimens 

Ordinarily, pipe welds to be tested in accordance with 
standard methods of testing are first torch cut into speci- 
mens and then the flame cut edges machined off to a 
depth of '/2 inch on each side. This machining together 
with the machining of the top and bottom of curved 
specimens consumes a great deal of time, particularly 
on the thinner specimens that are difficult to hold in a 
shaper or milling machine. 

Before omitting the machining of the flame cut edges 
of the test specimens in this investigation, the effects of 
flame cutting on the result of the bend and tensile tests of 
welds made on Grade A and Grade B seamless pipe were 
investigated and found to be negligible. As a result, the 


machining of the test specimens was revised to speed up 
the investigation. 
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Fig. 7—Photograph of Pipe Weld Machining in Lathe Briefly, the ends of the welded pipe sections are firy 
cut, if not of suitable length, to a length of from 7; 
10 inches leaving the weld in the exact center. Th, 
welded pipe is then mounted in a lathe and machined fp; 
a length of 4 inches across the weld both inside and outsi¢ 
as shown in Fig. 7. Next, it is placed in a jig that center 
the pipe in a lathe and then cut into test specimens of th; 
desired width with a cutting torch as shown in Fig. § 
A lathe has been equipped with a motor drive so that thy 
tool post carriage can be fed longitudinally while the hea 
stock of the lathe remains stationary. 

The edges of the test specimens were cleaned of slap 
and rounded on a grinding wheel and the specimen 
then tested for tensile strength and bend ductility with. 
out further machining 
Physical Characteristics 

In the photograph of Fig. 9 may be seen sample bend 
test specimens of three-layer welds, one of which had been 
machined according to the present standards of wel 
testing while the other had been flame cut according t 
the foregoing procedure. Both specimens showed fre 
bend ductilities of 41% across the weld. The sides 
the specimens were polished and etched to show th 
shape of the weld after bending. It is of particular 
interest to note that the last layer of weld metal is quit 
ductile even when of heavier cross section than ordinaril 
recommended. The increased linear speed of welding 
together with the improved protection afforded 
smaller molten puddle by the atmosphere of welding 
gases are mainly responsible for the superior ductility 
this upper layer of weld metal. 

Physical tests of multi-layer welds have shown varying 
but definite increases in ductility and impact strength 
depending upon the welding rod used. 

Using a 3'/2% nickel steel with a carbon content 

Fig. 8—Photograph of Flame Cutting Test Specimens in Lathe approximately 0.20% for a filler material, an increas 








Flame Cut Edges Machined Edges 
Tested Specimens Ground and Etched to Show Weld Metal Cross Sections 


Fig. 9—Photograph of Machined and Flame Cut Bend Test Specimens 
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Points of Maximum Efficiency Were Determined by Varying the Number of Layers, 
and Using the Welding Speed 


Keeping the Wall Thickness and Ges Flow Constant, 
as the Efficiency Indicator 


Fig. 10—Graph of Pipe Wall Thickness vs. Number of Layers 


in ductility as measured by the free-bend test of from 
10% in a single-layer weld on */,-inch wall, Grade B pipe, 
to over 50% without failure in a 3-layer weld on the same 
pipe was obtained. With a lower carbon content of ap- 
proximately 0.10% an increase in ductility of from 20% 
in a single-layer weld to over 45% in a 3-layer weld was 
obtained. Other welding rods have shown similar in- 
creases in ductility by multi-layer welding although 
not to such a great extent as the nickel alloy steels. 














Table 1—Comparison of Ductilities of Single- and Three-Layer 
Welds 


Type of Weld 

Wall Thickness 

Low Alloy Nickel 
Steel 


Single-Layer Three-Layer 


S/igin. '/pin. 7/sin. ®/igim. 14/2 in. 7/s in 


Steel 33% 23% 20% « 40% 35% 
/s% Nickel Steel 27% 15% 10% e 50% 45% 








Even this recently developed low nickel-steel welding 
rod designed to give high ductilities with single-layer de- 
posits of weld metal showed improved ductilities. In 
Table 1 may be seen how the weld metal ductility with 
this rod drops from 33 to 20% as the wall thickness of 
the pipe being welded in a single-layer deposit increases 
‘rom */15 to 7/s inch. When multi-layer welding is sub- 
stituted for single-layer welding, the welding is not only 
speeded up and simplified at the same time, but the 
ductilities are brought up to 35% on the 7/s-inch wall. 

The tensile strengths of all multi-layer weld specimens 
“towed an apparent average drop of about 5% but this 
Is negligible as all the welds were considerably stronger 
than the pipe. All unreinforced full section tensile test 


specimeas failed in the parent metal whether using 
single or multi-layer welds. 





Table 2—Impact Tests of Single- and Multi-Layer Welds 
Pipe 1 Layer 2 Layers 3 Layers 





Charpy Range (Ft. Lb.) 














45/46 15/16 22/22 28/30 
Imay Average (Ft.Lb.) 45.5 15.7 22.0 29.0 
pact Efficiency (%) 100 34.5 48.4 66.8 
The foregoi 

gomg Table 2 cover 
impact test g s the results of Charpy 


nickel S of single- and multi-layer welds using the low 
i “Steel welding rod on 8-inch Grade A seamless 
Pe of 7/s-inch wall thickness. 
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There is an increase in the impact value as the number 
of weld metal layers on the pipe of 7/s-inch wall thickness 
is increased. Single-layer welds show impact values of 
34.5% of the pipe. Multi-layer welding raises the weld 
metal impact value up to 48.4% of the pipe in a two-layer 
weld and up to 66.8% in a three-layer weld. The im- 
pact value of the two-layer weld represents a 40.1% 
increase over that of the single-layer weld while the three- 
layer weld shows an 84.7% increase. This 84.7% in- 
crease in impact value as a result of multi-layer welding 
compares very well with the increase of 75% in ductility, 
shown in Table | for the low nickel on 7/s-inch wall pipe. 

Like single-layer welds, the physical properties of 
multi-layer welds as well as the welding efficiencies will 
depend upon the composition of the welding rod and 
parent metal, the type and size of welding flame, the 
amount of reworking of the weld metal, the depth of pene- 
tration of the weld into the side walls of the pipe and the 
relative sizes and number of the layers. Consequently, 
no effort has been made to tabulate the results obtained 
from the use of various welding rods other than to show 
for any given set of conditions how the welding speeds, 
gas consumptions and weld metal physical characteris- 
tics are improved by multi-layer welding. 


‘ 
able 3—Performance of ie, and Multi-Layer Welds on 8-inch 
ipe 

Wall Thickness 

(In.) 7/,in 
Type Weld (No 

of* Layers) 3 2 3 3 , 
Time (Min.) 63 123 60 54 37 69 14.5 
Rod Consump- 

tion (Lb.) 6.1 
Gas Consump- 

tion (Cu. Ft 

Acet.) 101 152 97 34 34 45 7.8 


7/,in. */,in. 3/,in. 3/2 im. 3/2 in. 5/36 in 


5.8 4.9 3:1 1.9 i 0.¥ 


* Uniess otherwise noted, the number of passes is always one less than the 
number of layers in a multi-layer weld as the first two layers are deposited 
alternately in one pass 


In Table 3 has been listed the most efficient welds of the 
various types made on 8-inch pipe ranging in wall thick 
ness from 5/;, to 7/,inch. On the 7/s-inch walls, the 
three-layer weld lowered the welding time of a two-layer 
weld by almost 50% and was by far the more efficient. 
On the '/s-inch walls, the two-layer weld was the fastest 
and most efficient with the three-layer weld next and the 
single-layer weld last. A visual inspection of the °/j»- 
inch wall thickness pipe weld was sufficient to eliminate 
the use of multi-layer welding on this relatively thin wall 
pipe. 

The most efficient welds (in italics) in Table 3, were 
then used in Fig. 10 to show the approximate relation 
between the wall thickness and the number of layers for 
pipe welds. 

Although further experiments may still prove of value 
in multi-layer welding to secure the ultimate in physical 
characteristics, sufficient data have been obtained to date 
to warrant the following conclusions: 

1. Multi-layer welding improves the ductility and 
impact value of the weld metal with very little sacrifice 
in tensile strength so that with suitable welding rods, 
free-bend ductilities of 50%, Charpy impact values of 
30, with tensile strengths in excess of that of the pipe 
may be obtained without difficulty. 

2. The welding operation on thick wall pipe ('/2-inch 
wall thickness and above) is simplified by the reduction 
in size of the molten puddle of weld metal. 

3. The gas consumptions and welding times of single- 
layer welds are appreciably lowered (25 to 50%) by 
multi-layer welding. 
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Multi-Layer Oxyacetylene Pipe Welding — 
Part Il 


By ARTHUR 


Power Piping Application 


HE prediction of improvement in weld quality and 
T the economy of application pointed out in the re- 

search program have been amply fulfilled in the 
actual field applications. 

Multi-layer oxyacetylene welding, obviously, is used 
on heavy wall pipe such as is encountered on power pip- 
ing installations and other constructions where stresses 
are high, necessitating the use of a larger cross-sectional 
area of steel. The American Standards Association Code 
for Pressure Piping, issued about a year ago, requires 
welding of the highest order to fulfill its specifications. 
Based on our field experience covering many welders, we 
can safely say that multi-layer oxyacetylene welding will 
enable any reasonably competent operator to pass the 
A. S. A. Code Tests without difficulty. To put this an- 
other way, multi-layer welding will ensure that the A. 5S. A. 
Code requirements are being fully met at no increase in 
cost over the single-pass weld. 

Multi-layer oxyacetylene welding has been intro- 
duced in many shops and a number of operators are now 
using this method. However, for the purposes of this 
discussion we shall consider two power piping installa- 
tions, on which the data are complete. One of these sys- 
tems involved piping operating at 625 pounds per square 
inch and 750° F. total temperature. The other, a smaller 
plant, operates at 275 pounds per square inch and 545° 
F. All design and welding was carried on in accordance 
with the requirements of the A. S. A. Code. The 
piping on the larger installation was stress relieved, 
while on the smaller one no heat treatment was employed. 
Seamless tubing was used on both systems for the high 
pressure piping. On the 625-pound system the heaviest 
pipe wall used was °/;5 inch while on the 275-pound sys- 
tem '/, inch was the greatest wall thickness. 

Multi-layer welding comprising two complete layers 
made in two revolutions of the pipe was used on all this 
work. The filler material was our standard No. 3 weld- 
ing rods applied with the backhand technique. The first 
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Fig. 11—Reduced Section Tensile Test Coupon 





N. KUGLER? 


pass was made to a depth of one-half to one-third th 
pipe wall thickness, its surface being maintained flat | 
concave. Our field experience closely checks that of ou 
laboratory on this point. If the first and intermitten 
layers are convex the speed of welding is greatly retarded 
on the following layers. In addition, the weld on test will 
show considerable evidence of porosity, cold shuts and 
slag inclusions at the two “‘valleys’’ created by the con 
vexity. The second layer was welded to the first, build 
ing up the weld to the required reinforcement and width 

The method of instruction was to have a competent 
demonstrator make a weld on the size and weight of pip 
on which the test would be made. As the demonstrator 
made this weld he explained the technique and pointed 
out the necessity for keeping the first layer concave or 
flat. This demonstration weld was usually made part as 
a rolling weld, part as a horizontal pipe position weld and 
the final part with the pipe vertical. Generally coupons 
were cut from the demonstration weld and subjected t 
the nick-break test to show the operators the type oi 
weld structure obtained. 

The operators were then given odd pieces of pipe of 
about the same weight as the test-pieces and permitted 
to make practice welds in all positions under the guidance 
and instruction of the serviceman. This practice period 
rarely lasted more than half a day. When the operator 
had acquired proficiency he was permitted to start his 
test welds and all coaching and instruction ceased. 

A total of nine welding operators employed by four 
different concerns were qualified to weld on these piping 
systems. Of this number, five worked in piping fabrica 
tors’ shops where nearly all work was on horizontal pip 
rolling welds. Four of the operators were employed 
the field erection crews. Since much of the piping wa 
shop fabricated, practically all of the field welds wer 
made in position. In every instance the operators wert 
required to make the position welds. On the 625 ps! 
system the test welds were made on 14-inch O.D. seal 
less tubing °/isinch thick. On the 275 p.s.i. system test 
welds were on 8'/:-inch O.D. seamless pipe '/» inch thick 
Rolling test welds were omitted since most of this wor 
had to be position welded. Further our experience int! 
cates that an operator who can weld in position is capabl 





Fig 12—Free-Bend Test Coupon 
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able 4—Table of Tensile Tests 
Specimen Dimensions Total Load—Kips Unit Stress—Kips/Sq. In 
Specimen Thickness Width Area Yield Yield 
r ~ No In. In. Sq. In. Point Ultimate Point Ultimate Break* 
a 2] 0.553 1.813 1.003 35.15 52.67 35.04 52.51 O.W 
93 0.490 1.812 0.8878 32.35 47.03 36.44 52.97 At edge of weld 
41 0.551 1.816 1.001 35.82 52.93 35.78 52.88 O.W. 
4.3 0.565 1.817 1.027 36.70 53.75 35.74 52.34 O.W. 
g 1 0.565 1.817 1.0274 36.10 54.03 35.15 52.60 O.W. 
8.3 0.504 1.814 0.913 32.40 48.00 35.44 52. 50 O.W 
5.1 0.549 1.815 0.993 ret 52.07 manny 52.44 O.W. 
5.3 0.591 1.800 1.070 54.41 Le 50.85 1.W.—90% 
Q.1 0.553 1.813 1.003 54.43 i 54.30 Edge of weld 
Q.3 0.547 1.813 0.992 52.87 nee 53.30 O.W. 
ee V2 0.440 1.563 0.687 33 .00 jedan 48.00 0.W 
hird the v4 0.440 1.563 0.687 32.80 Dane 47.70 O.W 
d flat t $1 0.438 1.400 0.613 38.70 pit 63.10 O.W. 
at of our $2 0.438 1.400 0.613 38.50 ice 62.80 O.W. 
rmittent A.2 0.440 1.484 0.653 30.49 vac 46.68 0.W 
ne A4 0.440 1.563 0.687 32.80 ay 47.70 O.W. 
retarded M.2 0.440 1.484 0.653 30. 50 tea 46.70 O.W. 
test will M.4 0.440 1.359 0.598 29.00 ‘ 48.50 O.W. 
nuts and * O.W. = Outside weld I.W. = Inside weld 
the con - ————— — = LL ———— = = Se 
st, build 
id width of making the roll welds since the latter are admittedly ~~~ a — 
ympetent the easiest to make. Table 5—Table of Free-Bend Ductilities 
it of pipe In the accompanying Table 4, we have tabulated the Gage Length 
bnstrator results of the reduced section tensile tests. , ' In. 
1 pointed It will be noted that in every instance but one the | Bending sauce In Difference __ 
MACAVE Of welds equaled the strength of the pipe material. These 29 07 0.87 : i 
le part as : ‘ ° , 44 ).87 0.13 17.6 
pe results are to be expected with an alloy rod in the hands 2.4 0.83 0.96 0.13 15 6 
weld and of acompetent operator. The one coupon failing in the 4.2 0.87 1.02 0.15 17.2 
’ Coupons weld, broke at an ultimate tensile strength greater than 4.4 0.79 0.94 0.15 19.0 
jected to 90% of the strength of the pipe material; this is permis- ¥ . a rye “4 - ~ . 
x of * . . ‘ . 5 . . le boa 
ype sible according to the Code. Specimens with the follow- 59 0.77 0.93 0.16 20.7 
i ing numbers or letters (to the left of the period) 2, 4, 8, 5 5.4 0.82 0.95 0.13 15.8 
pepe @ and Q represent tests for welding on the 625 p.s.i. Q.2 0.805 0.970 0.165 20.5 
permitted 750° F. piping. The remaining coupons represent the es > a iy an as 
— lower pressure system, 275 p.s.i., 545° F. Figure 11 v4 0. 482 0 560 0 O78 16 1 
Ice peric shows photographs of reduced section tensile test coupons S.5 0.655 0.760 0.105 16.0 
> operator 81 and 8.3. S.6 0.655 0.840 0.185 28.2 
- Start his Table 5 represents the free-bend test results for the Ye 7 ae yi . a + ‘ 
= = same group of operators. Since these are qualification M2 0.462 0 545 0 83 17.9 
ee! tests all results are in excess of the minimum specified. M.4 0.399 0.460 0.61 15.2 
ese piping However, the figures indicate clearly that the average Average 18.7 
Ig a operator can produce these results. 
ontal _The free-bend test gives an indication of the duc- 
ploye ” tility of the weld metal which in turn is a measure of its Table 6 gives the results of the nick-break test. It 
ping vai ability to withstand shocks. This property of the weld is difficult to record the results of this test in tabular 
velds oe metal on heavy wall pipe is of vital importance. These form as the limited space does not permit of descriptions 
— ne test results are, therefore, important in that they demon- of granular structure, fusion and other properties. It is 
a strate that this method of welding insures adequate weld equally hard to secure good photographs of a group of 
oe age ductility. Definite data are not available on comparable fractures since the lighting will produce effects that make 
bere tot single pass oxyacetylene welds, without heat treatment, satisfactory fractures appear defective and vice versa. 
-: Seat but experience indicates that an average 10-12% is the However, the interesting point to note here is that of the 
t is wr ri that can be expected. Figure 12 is a photograph of eighteen test coupons only three showed evidence of de- 
pred ree-bend test coupons 8.2 and 8.4. fects and these defects were of a minor nature. Figure 
11S 








Fig. 14—Reverse Bend-Test Coupon 
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Fig. 15—Boiler Feed Lines; Designed for 725 Lb. Pressure 


13 shows the fractures of nick-break coupons 8.5 and 
8.7. 





Table 6—Table of Nick-Break Test Results 


Crystalline Structure 
Spec. (Coarse, Medium, Porosity 
No. Fine) Fusion (No. and Size) Remarks 


.§ Medium to Coarse Good 1 slight pocket less 





Degree of 


to 


than '/1 in O.K. 
2.7 Medium to Fine Good None O.K. 
4.5 Medium Good None O.K. 
4.7 Fine Good None O.K. 
8.5 Fine Good None O.K. 
8.7 Medium to Fine Good None O.K. 
5.5.1 Medium Good None O.K. 
5.7.1 Medium Good None O.K. 
Q.5 Medium Good None O.K. 
Q. 7 Medium Good 1 defect, less than 
1/1 in. O.K. 
U. 1 Medium Good None O.K 
V. 1 Medium Good None O.K. 
S. 3 Medium Good None O.K. 
S. 4 Medium Good 1 blow-hole less 
than '/j). in O.K. 
A. 1 Medium Good None O.K 
A. 1 Medium Good None O.K. 
M. 1 Medium Good None O.K. 
M. 1 Medium Good None O.K. 


| 
| 
1] 


i} 
| 


The reverse-bend test results shown in Table 7 
indicate the value of multi-layer welding in securing 
fusion through to the inner wall of the pipe. It will be 
remembered that this test calls for bending of the test 
bars through 90° at which angle they shall not break 
apart. It should be noted that every one of these test 
pieces were bent to 90° without any evidence of cracks. 
Figure 14 is a photograph of reverse bend-test coupons 
8.6 and 8.8. 

These data are not hand-picked results but tabulations 
from the nine actual qualification test reports on file on 
these two projects. Two or three additional men at- 
tempted to take these qualification tests but their pre- 
liminary test welds were so poor that they were rejected 
on the nick-break tests without bothering with the 
other tests. Their rejection therefore was on the basis of 
their welding ability and not their ability to master 
multi-layer oxyacetylene welding. These tests give a 
fairly accurate picture of the type of welding to be ex- 
pected, since the operations were carried on at four differ- 
ent locations, each with its own group of men. Included 
in this group are two Union Steamfitter Welders. 

The operators reactions to this method are very 
favorable, particularly when they have mastered the 
technique and realize it makes their work easier. 








2 


Fig. 16—14-Inch—625 P.S.1. 750° F. Main Steam Line from Boilers 


Table 7—Table of Reverse Bend-Test Results 
Spec. Final Angle 


No. of Bend Fusion Remarks 

2.6 150° Good No failure 

2.8 150° Good No failure at 90°—slight crack at 
edge at 150° 

4.6 170° Good No failure 

4.8 170° Good No cracks at 90°—slight crack at 
170 

8.6 180° Good No failure at 90°—slight crack at 
180 

8.8 150° Good No failure 

5.6 180° Good No failure 

5.8 180° Good No failure at 90°—slight crack at 
180° 

U.3 160° Good No failure 

V.3 180° Good No failure at 90°—slight crack at 
180° 

S$. 7 160° Good No failure 

Ss. 8 160° Good No failure 

A. 3 180° Good No failure 

A. 3 180° Good No failure 

M. 3 180° Good No failure 

M. 3 180° Good No failure 


Data are not available at the present time to tabulate 
the material requirements and time for welding each 
size and weight of pipe. However, from the field experi- 
ence gained to date it appears that a multi-layer weld 
will require from 75-85%, of the time for an equivalent 
single-layer weld. Obviously the oxygen and acetylene 
consumptions will be reduced in about the same propor- 
tion while the amount of welding rods will remain about 
the same. 

The recommended procedure for various ranges of pipe 
wall thickness are given in Table 8. 

Of course these recommendations are subject to modi 
fication, particularly where the ranges overlap. For ex 
ample it is quite satisfactory to use two layers om Say 














Table 8 
RANGE OF INUMBER| WME CROSS SECTION 
PIPE WALL| OF OF OF 
THICKNE SSILAYERS| DEPOSITING WELD 
378 - , 
Tc pe: TWO ‘COMPLETE eT ? 
5s 2 . 
PASSES. TW | 
5/8” THREE COMPLE TE- 5 we, ~~ 
PASSES; OR a7 ‘ 
TO 3. |LAYERS 1&2 IN we? § 
v8" ONE PASS:LAYER TPE. ++ 
3 INONE PASS. ine 
vs" FOUR COMPLETE ne mi 
" PASSES; OR ~~ 
TO 4 LAYERS! &2 IN i 2 ¢ 
\” &4 IN TWO 2, ; 
'* PASSES. Ve 
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ut 
at Fig. 18—Portable Stress Relieving Furnace on 6-Inch Turbine Lead 
been extremely satisfactory to date. On the two power 
piping installations reported here no leaks, sweats o1 
other evidences of failure were developed under the usual 
hydrostatic test of 1'/. times normal working pressure 
The high pressure plant has been in service almost a year 
and a half while the low pressure system has been oper 
te ated about a year. Both are giving thoroughly satisfa 
h tory service. . aie | 
ss. The outstanding merit of multi-layer welding is its 
1d ability to produce welds of high quality on heavy wall 
nt pipe capable of withstanding severe stresses. This qual 
ne ity is readily obtained by any competent welding opera 
- tor since there is nothing radically new in the method 
ut The welding procedure, if followed, will eliminate many 
of the objections to the use of welded piping. By making 
pe the weld in layers, the operator can devote his attention 
ie. 10-40 AE TIPE Pome pedain on an af Gatien to the peculiar difficulties at each zone. On the first 
di a seu :; layer he can secure proper fusion to the bottom of the 
- /ieinch wall pipe. Our standard torches with single vee without protrusions inside the pipe since his puddle is 
a flame tips are recommended for this work. relatively small. On the subsequent layers he can watch 


Our field experience with multi-layer welding has his fusion to the pipe walls and the previous layer with 





B 
‘t 20—Main Steam Header in Engine Room of 275 Fig. 21—Another View of 275 P.S.1. 545° F. Steam Fig. 22—Odutdoor Steam Line 500 Feet Long. 4-Inch 
P.S.1. 545° F. Plant Header Extra Heavy Seamless Pipe Used for This Line 
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Fig. 23—Close-Up of Operator Mak- Fi 
ing Multi-Layer Weld on 4-Inch Extra 
Heavy Pipe 


g. 24—Operator Making Position 
Weld on 4-Inch Extra Heavy Pipe 


October 


out worrying about ‘‘breaking through.”” On the fina] 
layer the smaller puddle permits him to secure proper 
fusion at the upper corners of the vee. The annealing 
effect of the layers deposited by this improves the dyc. 
tility and the grain structure as indicated by the free. 
bend and nick-break tests. 

The fact that multi-layer welds can be produced at no 
greater and probably less cost than single pass welds js 
of secondary importance. Pipe welding has such great 
advantages over other methods of joining this class of 
pipe that even a slight increase in cost is permissible 
Fortunately, however, the evidence shows the cost to be 
less. 

Based on these data from the laboratory and the field. 
we recommend multi-layer welding on all pipe above 
about */s-inch wall thickness. While power piping js 
probably the largest field for this class of piping it should 
be remembered that heavy wall pipe is also used for river 
crossings on transmission pipe lines, for hydraulic lines 
in mills and many other places. In all these installations 
and in fact wherever heavy wall pipe is used, multi- 
layer welding is recommended. 


High-Speed Motion Pictures of Flash Welding 


By W. E. CRAWFORD? and WALTHER RICHTER? 


HE photographs of flash welding shown in the 
accompanying illustrations were taken for the 


writers by Mr. G. Moreland of the Electrical Re- 
search Products, Inc. with their high-speed motion picture 
camera. The welding was done in two different posi- 
tions with respect to the camera: Position ‘‘A’’ as shown 
in Fig. 1 and Position ‘““B’’ as shown in Fig. 2. The 
plates welded were one-quarter of an inch thick and 
six inches along the portion flashed. About four inches 
of this length are shown in the field of view of the motion 
pictures. In examining these individual pictures it must 
be born in mind that in each picture frame the distance 
to which the luminosity seems to extend from the plates 
being flashed is limited by the field of view and is ap- 
proximately two inches. 

A careful study of these motion pictures taken up to a 
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Fig. 1 


speed of about 1200 per second shows that the flashing 
operation employed in flash welding is not characterized 
by a condition of uniform arcing. The accompanying 
illustrations show clearly that during the flash there are 
irregularly occurring, violent expulsions of incandescent 
material and that these expulsions may be and frequently 
are of very limited duration in time. 

Figure 3 is a picture taken with a Leica camera of the 
flash to show a larger field of view than was obtained 
with the motion picture camera. 

Figure 4 shows five successive frames of the moving 
picture film taken as in Fig. 1 and at the rate of 750 per 
second. Little activity is shown in the two upper frames 
The next frame occurring only '/79 of a second later 
shows a violent outburst rapidly declining in intensity 
in the two lower frames. The abruptness of these changes 
is evident from these photographs. 

Figure 5 shows five successive frames taken at 910 
per second. Frame number | shows nothing of the main 
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explosions which occur in the later pictures but does Wie 
show a very small luminosity near the middle of the ; are. 
plate which is evident also in the succeeding four frames We wan Were. SoeeLe Shee eA 
These series of pictures show two distinct and separate wy BA! WW YY (i PNw Wye yy 

; expulsions occurring simultaneously about three inches LARA IAA a=" an RTA A ARARAAARARS 
‘part. The larger of these expulsions exists for four : 1 a 

= ‘Tames or approximately 0.0045 of a second; the smaller VV VoteVVVEVVVVVVVVVVV VV VV 
ne lor only one-half this length of time. 

Figur 6 is a series of five frames taken at 1160 per I , 
second ind shows, as in Fig. 5, two main expulsions , Ren sia 
“ida minor one. The direction of the expulsion is ap ANidmpe VIANA y MAW 
parently determined by the position of the short circuit- | Yu} Vox ry erer” : 
, 8 material with respect to the meeting edges being DAAARARARA PARANA RAAAAAAAAAAS 
, ©, and, in the main expulsion here shown, is pre 
“ominat tly downward. BASLE E eS Oe. , ae oe 
In some 


instances the expulsions are evenly divided 
(Continued on page 20) Fiz. 9 
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An Exploration of a Modern Welding Arc 


By L. J. LARSON? 


show the rapid increase in the use of metallic arc weld- 

ing during recent years. It is no longer merely a con- 
venient or makeshift method of making repairs or fasten- 
ing unimportant parts in place, but it has become the 
preferable and in many cases the only satisfactory 
means of joining parts of important structures. 

Before it was accepted for general use welding was 
required to prove itself much more thoroughly than 
some of the older methods of joining metals. Numerous 
tests were made, both on welds and welded joints. In 
fact it is safe to say that more is known about the be- 
havior of many types of welded structures than of simi- 
lar riveted structures, even though riveting was the ac- 
cepted method of making joints for years before the 
welding process was developed. 

The improvement in the quality of weld metal which 
has occurred during the past fifteen to twenty years is 
due partially to better equipment, such as welding 
generators, partially to the greater experience of opera- 
tors and supervisors, but, primarily, to the develop- 
ment of modern electrodes. This may be readily demon- 
strated by examining and testing a weld made with bare 


|: IS unnecessary to cite examples or give statistics to 
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Fig. 1—Probe with Steel Particles Deposited on Surface 





* Paper to be presented-at Annual Meeting, AMERICAN WELDING Society, 
Cleveland, October 1936 
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Fig. 2—Biplane Passing through the Arc Space 


wire electrodes by experienced operators using modern 
welding equipment. 

Since the success of welding depends to such a larg 
extent upon the modern type of electrode, it should be 
instructive as well as interesting to study or explore the 
arc of such an electrode. Such an exploration pre 
sents some difficulties. A visual examination reveals 
very little except that the space between the electrode 
and the work appears to be filled by a flame or incandes 
cent vapors. Aithough we know the metal is passing 
from the electrode to the work, it cannot be seen, either 
because it passes too rapidly or because the particles ar 
too small to be visible. Slow motion pictures are often 
helpful in showing actions that are too rapid for the eye 
Although photographing the arc is not simple some ex 
cellent moving pictures of the metallic are have been 
taken during recent years. But even these pictures re 
veal very little as to what is taking place in the ar 

What we would like to know is, what is in the are and 
the surrounding space? In what form is the metal trans 
ferred from the electrode to the work? Is the metal 
vaporized, or is it in the liquid state, and if it is in the 
form of liquid drops, does it fall by gravity, or is it pro 
jected across the space by other means? What happens 
to the coating, how does it effect the action of the ar 
and what does it accomplish? 

Since neither visual observations nor photograph) 
furnished the desired information other means of ex 
ploring the arc space were tried. It was found that a 
thin and rather narrow strip of metal could be passed 
through the arc without interrupting its action. Ii such 
strips, or probes as they have been called, were passe¢ 
through at suitable speeds, they did not melt. On & 
amining these probes under a microscope, after passing 
them through the arc, numerous small particles 
spheres of steel were seen clinging to the upper suriact 
However, it was also observed that some particles 
had struck the probe and rolled off. In an attempt! 
find a material that would retain all the particles, gla‘ 
and various metals, including steel, copper, molybdenum 
tin, zinc and tungsten were tried out but none wer 
effective in catching all the particles. This led to expe” 
ments with coatings on the probes. 

To be effective a coating material must be such t 
it becomes plastic and sufficiently sticky to retai ' 
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Fig. 3—Set-Up for Inverted Arc Welding 


particles, but it must not melt or burn off. Furthermore 
it must remain transparent enough so the particles 
collected can be seen under a microscope. After trying 
many materials a mixture of castor oil and resin was 
selected as being the most satisfactory. Figure 1 shows 
one of these probes as it appears under a microscope. 
The largest particle in the field is about 0.010 inch in 
diameter. 

To obtain data on the relative number of particles of 
each size a large number of probes were passed through 
the are. The particles were classified as to size to the 
nearest 0.001 of an inch and the number of each size re- 
corded. From these data curves were plotted showing 
the relation of particle size to number of particles. From 
these curves it was observed that, for one particle 
.010 inch in diameter there were about six particles 
U.005 inch in diameter and over one hundred particles 
J.001 inch in diameter. Occasionally particles over 0.010 
inch and some as large as 0.020 inch were found. Several 
otier methods were used to collect and count the par- 
ticles passing through the arc. These methods included 
moving the are quickly over a polished surface so the 
particles were deposited separately and also collecting 
i€ spray trom an inverted arc. The relative number of 
Particles of each size was substantially the same as found 
mn the probes. : 


Having information as to relative number of particles 
leach size passing through the arc, it was desired to de 
; ieir speed and also the number of particles or 
ve amount of metal in the are at one time. If the aver- 
age velocity of the metal passing through the arc could 


determined, the amount of metal in the arc space 
Ol 


termine t] 
tl 


ild be computed and vice versa. 
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One method of obtaining a direct measurement of the 
velocities of individual particles employed the principle 
of relative motion. The equipment used was called the 
biplane apparatus. Two probes were arranged, one 
'/g inch above the other as shown in Fig. 2. These were 
attached to the rim of a disk driven by a motor at a 
known speed. After the arc was established, the ap 
paratus could be moved so the biplane passed through 
the arc space. Figure 2 shows a particle in three posi 
tions; at the edge of the upper probe, midway between 
the probes and striking the lower probe, respectively. 
While the particle moved down the distance between 
probes, '/s inch, the probes moved to the right a distance 
which was determined by measuring the distance from 
the front edge of the lower probe to the particle. The 
relative velocities of the probes and the particle could 
then be computed, and, hence, the velocity of the 
particle since the velocity of the probes was known 
Expressed in the form of an equation: 


y- vi 
8D 
when J is the velocity of the particle in feet per second, 
V; is the tangential velocity of the probes and D is the 
distance from the front edge of lower probe to the par- 
ticle. From the equation it is evident that the greater 
the distance from the front edge of lower probe to the 
particle, the lower is the velocity of the particle. Since 
a particle may strike near the front edge of the lower 
probe, either because it has a high velocity or because it 
passes some distance in front of the upper probe, only 
the particles furthest back from the edge could be used 
in these determinations. The results obtained, therefore, 
give velocities of the slowest moving particles only. 
Particle velocities determined by this method ranged 
from 4 to 16 feet per second with an average of 9 feet per 
second. 

The same equipment and procedure was used for esti 
mating the velocity of the vapors in the arc which caused 
a darkening of the upper side of the lower probe for a 
certain distance from the front edge The average of the 
determinations for the minimum vapor velocity was 47 
feet per second, with a range from 30 to 80 feet per second 

Since the biplane arrangement did not furnish informa 
tion on any except the slowest moving particles, it was 
not possible to compute the amount of metal in the arc 
space from these data. The next step was to try to deter 
mine this amount directly. If it were possible to, some- 
how, remove all the metal in the arc for a length of, say 
'/, inch, the mass and volume of metal in a unit volume 





Fig. 4—Orbits of Incandescent Particles 
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of the arc could be determined. By passing through the 
are a verticle probe, coated so as to retain the particles, 
this result could be accomplished. Incidently, it does 
not matter how rapidly or slowly the probe was moved 
through the are, provided the speed was such that it 
retained all of the particles that struck the front face. 
By this method the average weight of metal in '/,-inch 
length of the are of a '/,-inch weldrod was found to be 
about 0.0008 gm. It is interesting to note that this 
amount of metal occupies less than '/ io part of the space 
or less than '/, of one per cent of the volume. 

From the average weight of metal in '/,-inch length 
of arc, the average velocity of the metal in the are could 
be computed. Under the conditions of the tests the 
amount of weldrod melted was approximately 66 gm. 
per minute or 1.1 gm. per second. Since '/, inch of arc 
stream contained 0.0008 gm., 1 inch would contain 
0.0032 gm. and 1 foot would contain 0.0384 gm. It, 


therefore, requires “ee = 28.6 ft. of arc stream to 
contain 1.1 gm. and the velocity of the stream may be 
said to be 28.6 ft. per second. This velocity of the arc 
stream, or more precisely, the velocity of the mass 
center of the particles, is not the same as the average 
velocity of the particles. 

Another independent method was used to study the 
velocity of the individual particles. The set-up for these 
experiments is shown schematically in Fig. 3. A rec- 
tangular compartment, large enough to accommodate a 
welder had a roof in which there was an opening over 
which a plate with a narrow slot was placed. The welder 
started his arc at one side and welded across the slot. 
When the are crossed the slot, particles of metal from the 
end of the rod were shot upward through the opening in 
the plate. These particles were photographed with the re- 
sult shown in Fig. 4. 

The incandescent particles traced their trajectories on 
the photographic plate. An intermittent shutter cut off 
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Fig. 5—Representation of Arc and Particles in Arc Space 








Fig. 6 


the light at known intervals as shown by the breaks in 
the lines of the trajectories. Orbit or trajectory No, 5 
shows the path taken by an especially large and bright 
particle. 

From these trajectories, the initial velocity of the 
particles were obtained by two methods; the first by 
computation, applying Stoke’s law, and the second 
method by plotting the velocities of a particle at given 
heights against the height of the particle and extrapolat. 
ing to zero height. According to Stoke's law, bodies 
moving through gases have a retardation due to friction 
in the gas, which is expressed as a constant times their 
velocity. This constant is proportional to the diameter 
and inversely proportioned to the mass of the moving 
body. The vertical component of the motion is, of 
course, also governed by the usual laws of gravitation 
For large particles of steel, say about 0.01 inch in di- 
ameter moving through air at room temperature, the 
friction in the air becomes almost negligible, but for 
particles 0.001 inch in diameter, this retardation due to 
friction becomes much greatei than that due to gravity 
The result is, that if a large and a small particle are pro 
jected upward at the same velocity, the large particle 
will rise much higher than the small one, and to reach 
a given height a small particle must have a much higher 
initial upward velocity than a large particle. For ex- 
ample, to reach a height of 100 cm., or about 40 inches 
which is the top line on blackboard in Fig. 4, a particle 
0.010 inch in diameter must have an initial upward ve- 
locity of about 16 ft. per second, whereas a 0.001 inch 
particle must have an upward velocity of 220 ft. per 
second. Applying Stoke’s law and considering both the 
horizontal and the vertical components of the motion oi 
any given particle, it was possible to compute the size 
of the particle, as well as its initial velocity. 

To determine the initial velocity of a particle graph 
cally, it was necessary to first find its velocity at various 
points along its orbit. This was done by measuring the 
distance the particle traveled in the known time during 
which the shutter was closed as shown by the gap in the 
trajectory, and computing the velocity from the distance 
and time. By plotting the velocities of the particle 4 
the various points along their orbit against the cor 
sponding height of the particle above the arc, a curve 
could be drawn. This curve was extended to the leve! 
of the are or zero height, thus showing the initial velocity 
of the particle. 

The velocities obtained by applying Stoke's law and by 
the graphical method agreed very well. From the t 
sults of over fifty determinations by one or both of these 
methods, it was found that the initial velocities range” 
from 8 feet to 128 feet per second. In general the smaller 
particles had the higher velocities. 7 

A collection of particles which reached various heights 
was made by placing flat plates in a horizontal — 
at various distances above the arc. Both large and sm 
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Fig. 7—Volume of Gases Produced per Centimeter Length of Weldrod Gas Vol- 
umes Are in Cc. at 100° C. and 760 Mm. Pressure 

particles were found at all heights, and the relative num- 

ber of particles of various sizes was about the same as 

found on the probes. 

Based on the results of the various determinations 
outlined above, a mental picture of an are has been 
formed and this picture is shown-in Fig. 5. On the 
original drawing, the magnification was 24 to 1. The 
scale of Fig. 5 can be estimated from the diameter 
of the weldrod which is '/, inch. The large particle is 
about 0.010 inch and the small particles are 0.001 inch. 
These particles are moving from the rod to the plate at 
velocities ranging from 8 ft. to over 125 ft. per second. 
Less than '/ 3 per cent of the space between the weldrod 
and the plate is filled with steel particles. There are 
also still smaller particles and probably some iron vapor 
in this space. The minimum velocity of the vapor was 
estimated at about 50 ft. per second. 

Outside of the steel core is shown a coating. What 
happens to it and what does it do? Before starting to 
weld, the coating does not project beyond the steel core 
as shown in Fig. 5, in fact the steel projects somewhat 
beyond the coating so as to make it possible to strike 
the are. When the arc is struck, the steel core melts up 
beyond the end of the coating, thus forming a crater 
lor the are. The coating then disintegrates at the same 
rate as the steel melts and the crater remains as shown. 
Mechanically, such a crater serves to confine and direct 
the arc to some extent. However, that is not the only 
or even the chief function of the coating. 

lo study the effect of the coating the action of a 
Covered rod must be compared with a similar rod with- 
out a coating. In observing the action of bare and 
coated electrodes one difference is very evident. Where- 
as the particles of steel passing from the covered elec- 
trode to the work are too small to be seen, the globules 
0! metal forming on the bare electrode are clearly visible. 
— globules are often large enough to short-circuit 

“© arc as shown by oscillograms and by slow motion 
pictures. 
PE voltmeter is connected across the arc another 
aie 7 between the bare wire arc and the arc of a 
re <a ectrode is noted. The bare electrode has an 

© voltage of 20 volts or less, whereas the covered elec- 
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trode has an arc voltage of 35 to 40 volts. The differences 
in action and in arc voltage must be due to the coating 
To learn why the coating produced these effects, tests 
were made to determine the gases produced by the de 

composition of the coating in the are and the effect of 
these gases on the behavior of the arc. 

This coating was composed primarily of cellulose and 
sodium silicate. Under certain conditions it is possible 
to break cellulose, CsHwOs, up into C, H and CO. To 
determine what are the products of decomposition in 
the arc the apparatus shown in Fig. 6 was used. 

An automatic welding head was used to feed the rod 
through a stuffing box, so as to maintain an arc in a 
closed chamber. The gases formed in this chamber were 
collected in a graduated glass receiver shown at the left. 
Before starting the arc, the chamber and the entire sys 
tem was purged of air by flushing out with nitrogen. 
Nitrogen was also used to force out the gases remaining 
in the chamber after the welding was completed. The 
length of weldrod coating consumed was determined by 
measurements of the rod before and after welding. The 
total volume of gas was measured, and, from analyses 
of the gas, the percentage of various gases was deter 
mined. It was then a simple matter to compute the 
volume of each gas generated per centimeter length of 
coating. The results of these determinations are shown 
graphically in Fig. 7. The volume of the coated weldrod 
which produces these gases is shown to the same scale. 

The gases produced were largely CO and H, with small 
amounts of CO, and water vapor. The coating on a 2-ft. 
length of '/,-inch rod is sufficient to produce | cu. ft. of 
gas at atmospheric pressure and at 100° C. A similar 
test on a bare electrode showed that the gases produced 
were negligible, indicating that all the gases collected 
were liberated by the coating. The amount and propor 
tions of gas liberated by the coating agrees very well 
with the chemical composition of cellulose. Both CO 
and Hs, which together constitute 93% of the total gases 
are recognized as highly reducing. These gases fill the 
space around the particles of steel in the arc space and 
flow outward through the annular opening between the 
end of the coating and the plate. From the volume 
of gases generated it was estimated that their velocity 
was in excess of 100 ft. per second, which prevented 
diffusion of air into the arc space. These gases also 
flowed over the molten pool of metal below the arc and 
protected it from oxidation. The effectiveness of the 
protection will be shown later in an examination of the 
weld metal. 





Fig. 8-—Cross Section of Weld in 1 inch Plate. X 1 


Lower Right—Covered Electrode Deep Etched 
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With an atmosphere consisting principally of hydrogen 
and carbon monoxide it is not surprising to find that the 
are of a covered electrode has different electrical char- 
acteristics from that of a bare wire are which is operated 
in air. Previous investigators have reported that the 
are voltage is affected by the gas in the arc.' 

To study the relation between arc voltage and the 
atmosphere surrounding the arc, a closed chamber with 
a window at one side for viewing the arc was set up under 
an automatic head for feeding the rod. An inlet in the 
chamber was connected to a tank of the gas to be used 
for the atmosphere. An outlet was provided so that the 
gas could be passed through the chamber to flush out other 
gases. The image of the arc was projected onto a screen 
to facilitate the measurement of the arc length which 
was defined as the distance from the bottom of the 
molten globule to the plate. 

The welding head was adjusted so as to maintain an 
arc length of '/s inch in all the tests. The welding 
currents used ranged from a few amperes to over 300 
amperes on '/,-inch bare electrodes. Data were ob- 
tained using atmospheres of air, hydrogen, carbon 
monoxide and nitrogen. In general, the shape of the 
curves obtained were similar, showing high voltages at 
the very low amperages and practically constant voltage 
over the entire welding range. The voltages under nor- 
mal operating amperages were: Air 22 volts; hydrogen 
40 volts; carbon monoxide 30 volts; and nitrogen 28 
volts. 

The voltage on a coated '/,-inch rod operated in air 
with a '/s-inch arc length increased somewhat as the 
current increased. At normal welding amperages, it 
was from 35 to 40 volts which is between the values 
found for hydrogen and carbon monoxide, but more 
nearly that of hydrogen. In view of the analysis of the 
gases produced by the coating, this voltage appears to be 
reasonable. 

The increased arc voltage due to the covering is not 
merely an interesting electrical phenomenon, but it has 
a pronounced and important effect on the welding process 
and the results produced. Since the energy expended in 
the arc is equal to the product of the current and the 
voltage, it is proportional to the voltage, if the amperage 
is kept constant. This energy must appear in some form, 
and in the case of the arc, it appears as heat. Hence, 
more heat is developed in the arc of a covered electrode 
than in the are of bare electrode of the same size which 
results in a greater melting of the base plate or greater 
penetration as it is called. Because of the greater 
fluidity of the metal resulting from more heat it is easier 
for the welder to float out slag or impurities which 
may come from the base plate as well as from the elec- 
trode. The greater amount of heat also results in more 
uniform and thorough grain refinement of previous 
passes which improves the grain structure of the weld 
as will be shown. 

A discussion of the behavior of the arc and of the coat- 
ing of a modern electrode would be of purely academic 
interest without a consideration of the results accom- 
plished. From a practical standpoint the important 
question is, what are the qualities of the weld metal 
deposited? The quality of steel, in general, is deter- 
mined by metallographic examination, chemical analyses 
and physical tests and the quality of weld metal must be 
determined in the same manner. Since the object of 
welding the parts of a Structure is to make it act as one 
piece, the mechanical properties of the weld metal should 
duplicate those of the base metal joined as nearly as 


'P. Alexander, ““The Electric Arc and Its Function in the New Welding 
Process,"’ A. W. S. JourNAL, June 1927 
2 Hovt, “Studies on the Metallurgy of Arc Deposited Weld Metal,”’ Trans. 


A. S. M. E. 1935, Vol. 23, p. 61 


possible. This furnishes a standard for judging weld 
metal. A consideration of the analyses and properties 
of bare wire welds as compared to those of welds made 
with covered electrodes shows the effect of the Coating. 
A detailed study of the metallurgy of weld metal js 
beyond the scope of this discussion. Only a few micro- 
photographs are presented for the purpose of illustra- 
tion. Dr. S. L. Hoyt has published the results of a more 
comprehensive study on weld metal made with covered 
electrodes of the type under discussion.? Figure 8 shows 
a bare wire weld, above, and a weld made with a covered 
electrode, below. The specimen shown at the left in 
each case had been lightly etched to bring out the out- 
line of the various passes of weld metal and, at the right, 
are shown deep etched specimens. The darkest areas 
in the photograph show the portions of the specimens 
most readily attacked by the etching solution. It will 
be noted that the bare wire weld metal was attacked 
more than the stock, whereas the weld made with the 
covered electrode was attacked less than the stock. 


Fig. 9—Junction of Bare Wire Weld and Plate, Stress Relieved at 1200° F. X 100 
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Fig. 10—Junction of Bare Wire Weld and Plate, Annealed at 1700° F x 200 
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Fig. 11—Junction of Weld Made with Covered Electrode and Plate, Stress-Relieved 
7 at 1200° F. X100 





Fig. 12—Weld Made with Covered Electrode, Annealed at 1700° F. X 200 


The junction between bare wire weld and the plate 
material is clearly visible in Fig. 9 which shows the speci- 
men after 1200° F. stress relieving treatment and Fig. 
10 which shows similar weld after 1700° F. anneal. 
The nitride needles visible in Fig. 10 indicate a weld of 
high nitrogen content. 

Figures 11 and 12 show microphotographs of welds 
made with covered electrodes. The junction between 
weld and plate in Fig. 11 is scarcely visible because the 
heat of the welding arc has been sufficient to refine the 
plate stock. No nitride needles are to be found in Fig. 
12 indicating low nitrogen content in the weld metal. 
Chemical analyses of the two types of weld metal show 
differences in several respects. Table 1 gives typical 
results for both types of weld and also for plate material. 

© nitrogen analyses of the welds bear out the results 
ot the microphotographs. The low percentages of C, 


of om ‘Improvements in the Vacuum Fusion Method for Determination 
in Metals,” Trans. A. S. M E., 1934, Vol. 113, p. 82 


Mn and Si in the bare wire weld suggest that this metal 
may be oxidized. 


Table 1 

Bare Wire Covered Electrode Plate 
i 0.04 0.08 0.25 
Mn 0.10 0.50 0.50 
Si 0.01 0.20 0.01 
p 0.02 0.02 0.03 
S 0.03 0.038 0.03 
N 0 15 0.015 


The determination of oxygen cannot be carried out in 
many chemical laboratories because it requires special 
equipment not generally available. The only reliable 
process, which is known as the vacuum fusion analysis, 
is rather slow and expensive. It is carried out in an 
apparatus such as that shown in Fig. 13. Without going 
into details the method in this study was as follows 
A small sample of the steel to be analyzed was weighed 
and placed in a holding device at the top of the heat 
ing chamber shown at the left of Fig. 13. This chamber 
was evacuated to a pressure of about 0.03 mm. of Hg 
and heated to a temperature above the melting point of 
steel. The sample was then dropped into the bottom of 
the furnace. The gases given off by the steel were drawn 
out and collected for subsequent analyses, for oxygen, 
nitrogen and hydrogen. Then the amount of each gas, 
expressed as a percentage of the steel was computed. 

The percentage of nitrogen found by this method 
agreed very well with the results of the ordinary chemical 
analysis on similar samples. Figure 14 shows graphi- 
cally the results of vacuum fusion analyses of samples of 
a bare wire weld and of a weld made with a covered 
electrode. The oxygen content of the bare wire weld 
was 0.227 per cent or about five times that of the weld 
made with the covered electrode. The oxygen content 
of the weld made with the covered electrode is several 
times that found in good commercial steel, hence it may 
appear that even such a weld is partially oxidized. 
However, by a modification of the vacuum fusion process, 
called the fractional method, Reeve* showed that the 
FeO content of welds made with covered rods is almost 
nil, whereas the FeO in bare wire weld accounts for nearly 
all of the oxygen. Hoyt® has also shown by metallo 
graphic examination that the inclusions in bare wire 
welds are largely FeO and that those in the welds made 
with the covered electrodes are of the clear silicate 
type free from FeO. 





Fig. 13—Apparatus for Vacuum Fusion Process 
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Fig. 14—Per Cent Oxygen and Nitrogen in Weld Metal 


The effects of C, Mn and Si of the properties of steel 
are well known. All are desirable within certain limits 
because they improve the properties of the steel. Oxy- 
gen and nitrogen are in general undesirable because they 
decrease the ductility to a degree unwarranted by the 
increase in strength which they produce. 

Typical mechanical properties of the two types of 
weld and of mild steel plate material are shown in 
Table 2 


Table 2 
Yield Ultimate Per Cent Charpy Bend 
Point Strength Elong. Impact Elong. 
Lb./Sq. In. Lb./Sq. In. 2In. Ft.-Lb in % 
Bare Wire Weld 
in 4/4 - inch 
Plate 45,000 58,000 10 25 
Bare Wire Weld 
in l-inch Plate 25-40,000 25-45,000 2.0 1.0-2.0 3 
Covered Elec- 
trode Weld 1- 
inch Plate 45,000 57,000 35 35.0 Over 30 
Plate Material 
0.20-0.30 C 32,000 55,000 45 20 Over 30 


The strength of the bare wire welds in '/,-inch plates 
are quite satisfactory. The ductility is low but sufficient 
for some purposes. In l-inch plates and heavier, 
the strength of such welds becomes erratic and the 
ductility may be nearly zero. The impact values are 
also low as might be expected from the low values of 
ductility. 

The properties of welds made with the covered elec- 
trodes correspond quite closely with those of 0.20—-0.30 
carbon steel, the strength and impact values of welds 
being higher than those of the plate and the ductility 
being slightly less. 

In view of the results of the metallographic examina- 
tion and chemical analyses of the two types of weld, 
the physical properties are not surprising. The various 
elements produce the same effect in weld metal as they 
do in steel made in any other manner. 
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The results of this exploration of the arc and of the 
other tests discussed may be briefly summarized as 
follows: 


(1) The metal of the electrode passes across the ar, 
space chiefly in the form of droplets, but these 
droplets occupy less than '/1 of 1 per cent of the 
are space. 

(2) The coating decomposes forming the reducing 
gases, hydrogen and carbon monoxide. 

(3) These reducing gases increase the arc voltage 
and the energy in the are which materially assists 
in the welding operation. 

(4) These gases also protect the droplets in the ar 
and the molten pool from oxidation as shown by 
metallographic examinations and chemical analy 
ses. 

(5) The result is sound, high quality weld metal 
with the mechanical properties of mild steel 
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High-Speed Motion Pictures of Flash 
Welding 


(Continued from page 13) 


between the two directions. This is fairly well illustrated 
by the five successive frames shown in Fig. 7. In this 
case the expulsion started on one side and grew in 
intensity until, in the succeeding picture, it has ex 
tended in both directions. 

In Fig. 8 the expulsion is totally to one side, indicat 
ing a short circuit through molten metal near that sur 
face. 

Figure 9 shows an oscillogram of the current and volt- 
age as taken on the primary side of the welding trans- 
former. The pair of curves in lower portion of the figure 
are merely continuations of those shown above. It is 
apparent that the current curve is highly irregular in 
shape, is not a sign wave, and its shape is not even re 
current in time. The extreme irregularity of current 1s 
further illustrated in Fig. 10, which is an oscillogram of 
the current and voltage taken with an enlarged time 
scale. 

It is believed that the motion pictures shown here 
clearly demonstrate that the flashing operation is a 
series of short circuits which results in the expulsion 0! 
material from the plates to be welded. The oscillogram 
illustrations also substantiate this conclusion. 
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Metallurgical Aspects of the Welding of Steel 


By E. S. DAVENPORT? and R. H. ABORNi 


esses are always involved: (1) The primary process 

of melting the metal at the weld and its subsequent 
solidification, (2) the unavoidable heating and cooling 
of the solid metal in and near the weld, brought about 
by the welding heat and its subsequent dissipation. The 
aim of this paper is to outline, for welding engineers and 
specialists, the main metallurgical aspects of these proc 
esses as they occur in all fusion welds in steel, without 
detailed reference to welding technique or the relative 
merits of different welding operations, or to the diffi- 
culties which may be encountered in endeavoring to weld 
certain types of steel. It may be mentioned that flame 
cutting produces in the metal adjacent to the cut surface 
metallurgical effects identical with those about a weld. 

Let us first consider the simplest case, a single pass 
butt weld joining two steel plates; and let us imagine 
thermocouples, inserted in one of the plates in a series of 
five small holes arranged at appropriate intervals along 
a line perpendicular to the weld line, as illustrated in 
plan in Fig. 1. The position of each of the five couples, 
relative to the weld line, is chosen so that it is, when the 
maximum temperature is attained, within one of the five 
zones shown in Fig. 2. The temperatures indicated by 
these five thermocouples, as the source of welding 
heat approaches, crosses and continues beyond the line 
ABCDE, are plotted schematically against time as the 
five curves in Fig. 1.** It will be noted that the maxi- 
mum temperature ranges from about 3000° F. at the 
center of the weld (curve A) to about 1300° F. at a dis- 
tance E; and that the maximum is reached later at the 
points farther from the weld line. It is clear that the 
contours of equal maximum temperature at a given level 
in the plate are straight lines parallel to the weld line, 
and will be spaced somewhat closer at lower levels within 
the metal; for a spot weld the corresponding contours 
would be elliptical, but there is no difference in principle 
between the two cases. 

Attention is called to the general shape of these curves, 
which show that there is a rapid rise of temperature and 
a short interval at the maximum temperature, followed 
by a slower cooling, which, however, is not always slow 
enough for the development of the optimum properties 
of the finished welded structure. The reason for this is 
that many of the metallurgical reactions, which we are 
going to discuss, proceed only rather slowly at the lower 
temperatures (for instance, at E) though much more 
rapidly at the higher temperatures. The rate of cooling 
through the lower temperature region may therefore 
€xert a significant influence upon the structure, hence 
upon the useful properties of the weld metal and of the 
metal adjacent to it. The additional reason for paying 
attention to the cooling rate is that it also affects the 
magnitude and distribution of the locked-up stresses in 
the finished weld; this matter, though important, will 
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l’ MAKING any fusion weld two metallurgical proc- 
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receive only incidental mention in this paper. Moreover 
we shall leave out of account the formation of voids 
pipes or of bubbles, which is a consequence of the fact 
that the crystallization (freezing) of steel is accompanied 
by a contraction in volume and by the evolution of gas 
if the amount of gases dissolved in the liquid steel is in 
excess of what the solid steel can hold in solution. It 
would also lead too far to do more than point out the 
fact that in any weld one is in effect making a miniature 
heat of steel; therefore, any factor (for instance, the 
temperature of the liquid steel, or the atmosphere or slag 
in contact with it) which affects the real composition of 
any liquid steel, or its behavior upon solidification, may 
exert a similar influence upon that portion of the metal 
which was actually liquid during the welding operation 

For the moment we are primarily interested in the 
maximum temperatures along the line ABCDE and re 
produce these as a single curve in Fig. 2, along with a 
simplified form of the so-called iron-carbon diagram which 
enables one to specify the precise structure attained at 

Fig. 1—Temperature-Time Curve at Several Distances from « Weld Line (Single- 

Pass Butt Weld) 
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Fig. 3—tron-Carbon Constitutional Diagram 


any temperature by an iron-carbon alloy of any carbon 
content when it has been maintained at that tempera- 
ture sufficiently long. On the basis that the weld under 
discussion joins two plates of 0.20% carbon steel, we 
draw a dotted line corresponding to this composition, 
and for convenience designate as Zones I to V the tem- 
perature regions marked out by the several lines in the 
diagram. The principle is the same for any carbon 
content; the positions of the zones would differ, as is 
clear from the diagram. 

At temperatures in Zone I the metal is completely 
liquid. In Zone II it is a mushy mixture of liquid and 
solid, analogous to melting snow; at its lower limit, 
and at all lower temperatures, the metal is completely 
crystallized and solid, and it is in the solid metal that 
the metallurgical reactions occur which mainly determine 
the structure, hence the final properties, of the steel when 
cold. In Zone III the metal exists as the high-tempera- 
ture, non-magnetic, form of iron, known as gamma-iron 
or austenite, with the carbon in solution; in Zone V it 
exists as a mixture of the low-temperature, magnetic 
form known as alpha-iron or ferrite, with the carbon 


Table 1—Properties of the Forms of lron* 
Gamma-Iron (Austenite) 


Stable at high temperatures 
Dissolves carbon up to 1.7% 


Alpha-Iron (Ferrite) 
Stable at low temperatures 
Dissoves carbon only to about 

0.04% 
Magnetic below about 1420° F. 
Lesser density 
Lower thermal expansion 
Body-centered cubic atomic 
arrangement 
Twinned rarely 


Non-magnetic 

Greater density 

Higher thermal expansion 

Face-centered cubic atomic 
arrangement 

Twinned crystals 


* The alpha form occurs again near the melting point in iron and iron-rich 
alloys, such as low-carbon steels; it is then known as delta-iron, as may be 
noted in the upper left corner of Fig. 3. Its occurrence in low-carbon steel is 
discussed in the appendix. 
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Fig. 4—Itron-Carbon Diagram with Temperature Zones Indicated for Three Steels 
of Different Cahee Contents 


precipitated as iron carbide (sometimes referred to as 
cementite). Zone IV, like Zone II, is a transition zone, 
within which both forms of iron are present simultane- 
ously. 

The fact that the element iron occurs in two distinct 
forms, either of which can with appropriate change in 
temperature transform to the other, is fundamental to 
the possibility of altering the properties of a steel by 
heat treatment. The main properties of present interest 
are brought together in Table 1. 


The lron-Carbon Diagram 


To convey a proper understanding of what is to follow, 
it is necessary to discuss the diagram for the iron—carbon 
system in more detail. The complete diagram, in which 
the carbon is the abscissa and temperature the ordinate, 
is reproduced in Fig. 3. It applies, directly speaking, 
only to pure iron-carbon alloys, but for all practical 
purposes may be considered as applying to ordinary car 
bon steels, which contain small quantities of other ele- 
ments. The‘diagram for a low-alloy steel differs to some 
extent from that for an ordinary steel, but the differ- 
ences, since they do not alter the principles involved, are 
not significant so far as our present purpose is concerned. 
The very high alloy steels differ from ordinary steels 10 
so many ways that they would have to be treated sepa 
rately, but to do so would be beyond the scope of this 
paper. 

The diagram is drawn to represent the state 0! the 
system when it has been maintained long enough at the 
temperature to have reached equilibrium—that is, long 
enough to permit all of the metallurgical reactions to £° 
as far as they will at that temperature. It therefore 
shows the state which will be approached more and mor 
nearly with time, and thus serves as an indispensable 
map which guides us to a proper interpretation 0! pay 
tends to happen when a steel is heated or cooled. It 1s 
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to be remarked tha* the same state of equilibrium is, 
by definition, reached ultimately irrespective of whether 
the final temperature is approached from below or from 
above, but that equilibrium is commonly attained much 
more rapidly with rising than with falling temperature. 

The region of the diagram which mainly concerns us 
here is that below the freezing line denoted as the solidus, 
the slope of which shows how the final freezing, or crys- 
tallizing, temperature of a steel depends upon its carbon 
content. In the upper field, marked austenite, of this 
region, the steel is a solid solution of carbon in gamma- 
iron. In the lower field, marked ferrite and carbide, the 
steel is a mixture of ferrite and iron carbide, the final 
result of the transformation of the austenite as it cools. 
Between these two larger fields, there are two transition 
fields which represent the limits of temperature and 
composition within which mixed structures are stable. 
In one of these, the excess, or so-called proeutectoid 
phase, which appears on cooling, is ferrite, in the other 
it is carbide; whether it is one or the other depends 
upon whether the carbon content is below or above the 
“eutectoid” composition. In plain carbon steel this 
composition is about 0.85% carbon; such a steel when 
cooled, precipitates neither excess ferrite nor carbide, 
and behaves substantially as a single-phase alloy until 
it reaches the A, temperature, at which it transforms 
directly to a mixture of ferrite and carbide in alternate 
layers, this type of structure being called pearlite. 

The reason for the appearance of carbide as a separate 
phase associated with ferrite is that whereas gamma- 
iron can dissolve up to 1.7% carbon, alpha-iron can 
hold carbon in stable solution only to the extent of about 
0.04% at 1350° F. and even less at lower temperatures; 
this difference in capacity to hold carbon in solution is 
clear from the respective carbon solubility lines shown 
in the diagram. The consequence of this disparity is 
that when austenite transforms to ferrite, the carbon is 
thrown out of solution and appears as iron carbide, 
Fe,C, which is hard and brittle as compared to the soft, 
ductile ferrite matrix. The mode of distribution of this 
carbide phase through the matrix depends upon the 
temperature at which the precipitation was made to 
occur, and this in turn upon the rate of prior cooling; 
it may thus be controlled so as to yield the wide range 
of mechanical properties which makes ferrous alloys so 
adaptable as engineering materials. 

With this preliminary outline of the significance of 
the diagram in mind, let us now consider the state of the 
metal which will be approached, more or less, in each of 
the five temperature zones on the maximum temperature 
curve of Fig. 2, as it would be observed close to each of 
the five thermocouples referred to in Fig. 1. 

As a first illustration we take up the state of the 
several zones in and about a weld made in a 0.20% car- 
bon steel, and for this purpose have superimposed on a 
copy of the iron-carbon diagram in Fig. 4 a vertical line 
at a composition corresponding to 0.20% carbon. In 
Zone I, the hottest zone, the metal at its maximum 
temperature is entirely liquid. In Zone II, between the 
liquidus and solidus temperatures, liquid and solid 
metal exist together, the proportion of solid increasing 
as the temperature nears the lower limit. In Zone III 
the Steel has been heated to a temperature which did not 
Suffice to melt it, but converted it to austenite; if the 
steel in this zone were preserved unchanged for micro- 
an ‘examination at room temperature it would exhibit 
Pr “waracteristic structure shown in Figure 5.' Within 

"is Zone the austenitic grains are likely to be relatively 


This fig: ca P ‘ . . 
when secieln is a photomicrograph of an 18-8 chromium nickel steel which 
vent the ¢ remains in the austenitic state because the alloying elements pre- 

‘t the transformation. 
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small at the lower temperatures, but at some higher tem 
perature to have begun to grow so that at the highest 
temperature the austenite is very coarse grained. This 
is specifically mentioned because, as recent work has 
demonstrated, the austenite grain size has a very im 
portant bearing upon the response of a steel to heat treat 
ment, by reason of its influence on the rate of transforma 
tion of the austenite. In accordance with this, there is 
a gradation in the final appearance and properties of 
the metal which was within this zone, as will be evident 
from the enlarged picture of a weld in Fig. 14. 

In Zone IV the steel consists of a mixture of austenite 
and ferrite; when suitably cooled to room temperature 
and examined microscopically, Zone IV in a 0.20% car- 
bon-steel weld would exhibit the appearance shown in 
Fig. 6 in which the dark areas represent austenite’ and 
the light areas ferrite; the higher the temperature in 
Zone IV the larger the amount of austenite and the 
smaller the proportion of ferrite. The size and distribu- 
tion of the austenite and ferrite areas play an important 
part in determining the final physical properties of Zone 
IV in a weld; this distribution is influenced by a number 
of factors, one of the most important being the distribu- 
tion of carbide particles in the steel before any welding 
heat is applied. 

In Zone V the steel is below the transformation or so- 
called lower critical temperature and consists entirely 
of ferrite and carbide, the distribution of the latter de- 
pending in large measure upon the initial condition of 
the steel. A thorough discussion of the various types of 
distribution which carbide may assume in ferrite is given 
in a recent publication by Vilella, Guellich and Bain.’ 
In general, it may be said that the coarser carbide par- 
ticles tend to occur at the higher temperatures in Zone 
V, although it should be borne in mind that the initial 
condition of the steel before welding has much to do 
with this; moreover, the time at temperature has an 
important influence in this connection since the rate at 
which spheroidization, diffusion and coalescence of the 
carbide proceeds is a function of time as well as tempera- 
ture. In general, all these changes take place more 
rapidly at the higher temperatures in Zone V. 

If we were to choose for study a 1.20% carbon steel 
instead of a 0.20% carbon steel, we would again en- 
counter five separate zones although they would cover 
different temperature ranges, as indicated by the vertical 
line at 1.20% carbon in Fig. 4. In this case, however, 
we would find that Zone IV consists of a mixture of 
austenite and carbide instead of austenite and ferrite; 
such a mixture of austenite and carbide is shown in 
Fig. 7 in which the dark areas again represent austenite 
but the light areas now represent carbide. Apart from 
this the same general statements hold true for the 
several zones in both carbon steels. 

If we were to select a steel containing about 0.85% 
carbon, we would again find Zones I, II, III and V much 
as in the 0.20 and 1.20% carbon steels with, of course, 
some differences in the temperature limits of the zones 
as indicated by the vertical line at 0.85% carbon in Fig 
1. One striking difference would be evident, however, 
in that Zone IV would be entirely absent; this is due to 
the fact that in a plain carbon steel of about 0.85% 
carbon content (so-called eutectoid steel) there is no 
region of two-phase equilibrium between the ‘ Austenite 
and ‘‘Ferrite + Carbide’ fields in the diagram. Thus 
in a weld in a eutectoid steel we will find one zone fewer 


2 The areas representing austenite in Fig. 6 are dark or mottled in appear 
ance because they have transformed to the pearlitic condition in cooling to 
room temperature; the constituent pearlite will be discussed more fully in a 
subsequent section 

*“‘On Naming the Aggregate Constituents of Steel,’’ American Society for 


Metals, 1935 
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than in either a lower-carbon (hypoeutectoid) or a 
higher-carbon (hypereutectoid) steel. 

In connection with the foregoing descriptions of the 
sradation in structure along the gradient of maximum 
temperature, it should be borne in mind that in actual 
practice the size of the zones depends upon the actual 
temperature gradient, which in turn depends upon 
factors such as the welding technique and the type and 
thickness of the steel. One or more of the zones may be 
so narrow as to be scarcely visible except with the aid of 
the microscope; but all of them are certain to be present 


The Structural History of a Weld 


Hitherto we have been discussing the state of equilib- 
rium which the metal at any point in each of our zones 
would approach at its maximum temperature if sufficient 
time were allowed; now we proceed to consider how this 
state is modified by the conditions of heating and cooling 
encountered in an actual weld The more important 
factors which influence the final structure of the weld, 
apart from those which may alter the real composition 
of the molten metal, are: 


|. Composition and initial state of the parent metal 

2. Rate of heating 

3. Maximum temperature attained, and time interval 
at this temperature 

4. Rate of cooling. 


1. Composition and Initial State of the Parent Metal. 
As each type of steel has its peculiar characteristics, it 
is not feasible, within the limits of this paper, to discuss 
this variability, and so we center our attention on a 
0.20% carbon steel as typical of the low and medium 
carbon steels. Its initial state is generally a mixture 
of ferrite and carbide, usually pearlitic areas in a ferrite 
matrix. The metal may or may not have been cold- 
worked, and its grains may be large or small. 

2. Rate of Heating.—In general the temperature rise 
is so rapid that the metallurgical reactions do not keep 
pace with it, and consequently the state of the system 
may correspond to a temperature lower than the maxi- 
imum actually obtained. But this is of little importance 
because it merely implies a slight displacement of the 
Zones in Fig. 2 (particularly Zone IV). The rate of 
heating does, however, affect the internal stress pattern 
about the weld, and thus influences the dimensional 
changes in the metal. 

3. Maximum Temperature Attained, and Time Interval 
at This Temperature—The maximum temperature at- 
tained at any point determines whether or not a certain 
type of structure can develop at that point. Whether or 
not it will develop depends upon the time interval at 
that temperature. The time factor is of less momentum, 
the higher the temperature, because of the rapid increase 
of the rate of all reactions with temperature, until about 
the melting point the reactions are nearly instantaneous. 

An example of the occurrence of a slow reaction is the 
gradual coalescence of the carbide particles in a steel 
maintained at about 1300° F. (that is, just below the 
temperature at which the two phases transform to the 
solid solution austenite). This process, known as spher- 
oidization, can go on only as fast as the carbon can 
diffuse through the ferrite, and since diffusion is slow 
‘and still slower at lower temperatures) the extent of 
spheroidization depends upon the time at temperature, 
as well as upon the temperature. 

; Let us now follow what happens to a 0.20% carbon 
re initially in the hot-rolled or normalized state, 
“uring that portion of the welding process up to the time 
at which the temperature recorded by each thermo- 
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couple in Fig. | begins to drop from its maximum value. 
The first structural change, an incipient spheroidization 
of the carbide phase, occurs at a temperature corre 
sponding to a maximum £, which is in Zone V (Figs 
2 and 4) near the transformation temperature A As 
this temperature is exceeded, the pearlite areas trans 
form rapidly to austenite, and with further rise in tem 
perature the ferrite matrix is absorbed into the austenite 
phase. The last of the ferrite disappears at the A 
temperature (in this steel about 1560° F.), at which the 
metal has completely recrystallized and is entirely 
austenitic (as in Fig. 5). At the lower temperatures 
the austenite remains fine grained, but at the higher 
temperatures at which austenite is stable, grain growth 
occurs, and there results a fairly definite fringe of coarse 
grained austenite adjoining the boundary at which melt 
ing begins (cf. Figs. 13 and 148). Where melting occurs 
there may be some change in composition, brought 
about by contact with liquid metal or coating from the 
welding rod or with the atmosphere, but these questions 
are regarded as outside the scope of the present paper. 

We have now described the state attained by the metal 
when it has reached the maximum temperature at differ 
ent distances from the weld line, in accordance with Fig 
2, and must now consider what happens to these several 
structures as the metal cools. 

4. Rate of Cooling.—The rate of cooling may range 
from a very high value, as in a spot weld on thin material, 
to a relatively low value, and in any given weld it is 
different in different positions relative to the actual weld, 
and in any one position changes during the cooling 
process (cf. Fig. 1). The rate of cooling influences the 
structure, hence the properties, of the metal about a 
weld, more perhaps than any other single variable (aside 
from the composition of the metal), and the effect of 
widely different rates of cooling upon the final structure 
must, therefore, be discussed in some detail. We shall 
first consider what happens in each of the zones, pre 
viously referred to, interpreting the behavior under this 
specific heat treatment by means of the general picture 
now demonstrated as applicable to the whole matter of 
the heat treatment of steel. 

Zones I and IJ.—In Zone I the molten metal freezes 
with the formation of relatively coarse columnar or tree 
like crystals which start at the cooler boundary surfaces 
and grow inward. In Zone II the liquid phase in the 
interstices between the unmelted material freezes like 
wise. In low- and medium-carbon steels these crystals 
transform to austenite through the intermediate delta 
phase,‘ which however is generally of little importance 
in carbon steels. In this combined freezing and trans 
formation process there will be, in many steels, some cor 
ing or segregation of the carbon, just as takes place on a 
much larger scale in the large mass of a freezing ingot 
and this segregation will disappear only if sufficient time 
is allowed to permit diffusion to bring the carbon content 
to the same level throughout. In general, in a weld, the 
time in the temperature range within which diffusion 
is rapid enough to be effective, is insufficient; the prac 
tical significance of this phenomenon is, however, not 
marked in carbon-steel welds, but may be in alloy steels, 
in which case it may be necessary to apply a special 
reheating treatment. 

The metal in Zones I and II is now in the same state 
(apart from the possibility of segregation in the large: 
crystals just referred to) as the metal originally in Zone 
II. 

Zone III.—The metal now in this temperature zone is 
all austenitic, but there are differences in grain size 


‘ A brief discussion of the delta-phase and its effects is given in an appendix 
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Fig. 9 (Top}—Proeutectoid Ferrite in Austenite Grain Boundaries and Cleavage 
es-——Mag. 500X 
Fig. 10 (Bottom)—Martensite—Mag. 2500X 


The largest grains are those formed at the highest 
temperatures, and remain unchanged in size as the tem- 
perature falls through this zone; for any appreci- 
able change in grain size of the austenite originally in 
Zone III has already taken place by the time the metal 
has begun to cool from its maximum temperature. 

Zones IV and V.—As soon as the temperature of the 
metal previously in Zones I, II and III falls below the 
lower limit of Zone III, the austenite ceases to be stable 
and tends to transform, but precisely how, and to what 
extent it actually transforms, depends upon the rate of 
cooling as the temperature of the metal approaches 
Zone IV and passes through it and into Zone V. To 
convey an understanding of the great influence of cooling 
rate upon the progress and result of this transformation 
we shall discuss it in detail, without specific reference to 
these zones. It should be mentioned, however, that the 
austenite grains in the metal which at its maximum 
temperature was in Zone IV, behave exactly the same 





as those which came from the higher temperatures 
though the final structure may be modified somewhat by 
the presence of the adjacent ferrite grains; and that th, 
metal, the temperature of which never exceeded the upper 
limit of Zone V, on cooling remains as it was at its max; 
mum temperature, except for the possible occurrence 
within this zone of some slight so-called aging, a matter 
which is discussed later. 


Effect of Cooling’Rate on the Transformation of Austenite 


If a steel in the austenitic state is cooled very slowly. 
the austenite transforms at or very close to the equilib 
rium transformation temperature (Ae,) which in carbon 
steels is at about 1350° F.; the carbide is rejected in a 
pattern of thin plates or lamellae separated by ferrite 
and the resulting aggregate is relatively soft and ductik 
This structure is known as coarse “‘pearlite’’ and as 
viewed at high magnification in the microscope is illus 
trated in Fig. Sa. If the cooling is somewhat more rapid 
the austenite —~» ferrite transformation is depressed 
below the 1350° F. equilibrium temperature and the 
carbide precipitates in the form of thinner and more 
closely-spaced plates corresponding to the lower tem 
perature of transformation; the structure is of the pear! 
itic type, but of a finer variety, as illustrated in Fig 
Sb, and the steel when cold is stronger, harder and less 
ductile as compared to the very slowly cooled product 
At still faster rates of cooling the transformation, and the 
rejection of carbide accompanying it, is depressed to still 
lower temperatures, with increased closeness of spacing 
of the carbide plates and consequent hardening and 
strengthening of the steel with decrease in its ductility 
the microstructure is still of the lamellar, pearlitic type 
but so fine that it is not completely resolved by lenses of 
the highest power; an example of such very fine pearlit: 
is shown in Fig. Sc and it is seen that in only a few 
places are the carbide laminations rendered clearly 
visible. 

If the steel is of the hypoeutectoid type (below 0.857 
carbon) the austenite will reject excess or proeutectoid 
ferrite, in addition to forming pearlite, as it is slowly 
cooled through the transformation range; thus the final 
structure consists of a mixture of ferrite and pearlite as 


illustrated in Figs. 6 and 9; the proeutectoid ferrit« 


tends to precipitate along the austenite grain boundaries 
although to some extent also in the cleavage planes 
through the grains, and by outlining the grain affords 
a means of estimating the austenite grain size. An ex 
ample of proeutectoid ferrite in the austenite boundaries 
and cleavages is shown in Fig. 9. The volume oi pro 
eutectoid ferrite decreases as the carbon content of the 
steel approaches the eutectoid composition (0.85% 
and as the cooling rate increases. In welding a low 
carbon steel the maximum temperature reached in Zone 
IV is never high enough to cause all of the proeutectotc 
ferrite to «issolve in the austenite; in gther words, there 
is always some ferrite in this zone which persists un 
changed during the heating and cooling cycles of th 
welding operation. a 

The above description of the behavior of proeutectotd 
ferrite during cooling applies equally well to steels of the 
hypereutectoid type (above 0.85% carbon) except, © 
course, that the excess or proeutectoid constituent 
carbide instead of ferrite. In general, carbide tends ‘ 
dissolve somewhat more slowly in austenite than does 
ferrite, particularly in the case of steels carrying 4f 
preciable quantities of the carbide-forming elements suc® 
as vanadium, titanium, molybdenum, tungsten, chro 
mium, etc. 

As the rate of_cooling of the austenite is increased, 4 
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Fig. 11—Influence of Cooling Rate on the Temperature and Product of Transforma- 
tion in an 0.85 Per Cent Carbon Steel. (E. C. Bain) 


critical speed of cooling is finally reached at which carbide 
fails to be rejected at the time of the austenite —> 
ferrite transformation and instead is retained in unstable 
solid solution in alpha-iron at temperatures even as low 
as atmospheric. The gamma —~> alpha transformation 
is depressed to low temperatures in such rapid cooling 
or quenching treatments and, since alpha-iron is rela 
tively incapable of dissolving carbon under equilibrium 
conditions, the constituent formed on quenching is super 
saturated with respect to carbon and tends to precipitate 
carbide on the slightest provocation. The unstable solid 
solution of carbon in alpha-iron is known as ‘“‘martensite’’ 
ind is the chief constituent of fully-hardened steel; its 
inicroscopic appearance is shown in Fig. 10; martensite 
is characteristically hard, brittle and in a condition of 
high internal stress due to the drastic cooling it has 
undergone from high temperature, hence its marked 
tendency to crack spontaneously. 

he foregoing discussion of the effect of cooling rate 
upon the gamma ~——> alpha transformation and the 
resulting pearlitic and martensitic structures is sum 
marized in Fig. 11.° 

rhe precipitation of carbide from martensite is the 
reaction which takes place upon tempering or drawing 
back a piece of fully-hardened steel, with consequent 
Soltening and recovery of ductility and toughness. 
However, the carbide in this case does not take the 
form of plates or lamellae as in the instance of the 
pearlitic structures; rather, the carbide is rejected as 
4 fine dispersion of more or less spheroidal particles, the 
‘ize and distribution of which depends upon the temper- 

* Refer te 


Mestienenan E. C. Bain’s Campbell Lecture, ‘Factors Affecting the Inherent 
more (uability of Steel,” Trans. A. S. 8. T., 1932, p. 385, where it is discussed 


METALLURGICAL ASPECTS OF 


WELDING STEEL 27 


ing temperature and time; the higher the temperature 
or the longer the time the coarser the carbide distribu 
tion and the softer and more ductile the steel. 

It is evident from the foregoing discussion that the 
mechanical properties of steel are largely determined by 
its structure, i.e., the distribution of the phases and 
constituents out of which it is composed or built—in 
short, its architecture. Heat treatment is a powerful 
and useful means of shaping and controlling this archi 
tecture through the employment of appropriate heating 
and cooling schedules designed specifically to yield de 
sired combinations of mechanical properties. Another 
method of controlling structure which has been brought 
to a high state of development in recent years is the use 
of appropriate amounts of various alloying elements 
combined with suitable heat treatments. This subject 
is too broad to discuss at length here, but has been treated 
more fully elsewhere.*’ The chief effect of alloying 
elements in steel is to retard the rate of the austenite 
transformation, and in general to render the steel more 
reluctant to undergo its various reactions than is the 
case with plain carbon steel. Thus, a steel carrying ap 
propriate amounts of alloying elements may be made to 
harden more deeply at the same, or even a slower, cool 
ing rate than would be required for a plain carbon steel 
of similar cross section. Such effects may be, and often 
are, undesirable in connection with the making of welds, 
but they are mentioned because the question of harden 
ability is of vital importance to welding engineers in 
view of the increased use of alloy steels for all types of 
structures. 

Zone \.—During welding, this zone is not heated 
above the lower critical or transformation temperature 
(A,) and therefore no fresh austenite is formed to under 
go transformation on cooling; the changes in this zone 
with which we are chiefly concerned are those having to 
do with diffusion and coalescence of the carbide particles 
in the ferrite matrix, changes upon which variations in 
cooling rate have practically no influence. If the 
material as received for welding is in the cold-worked 
condition, recrystallization of the ferrite will certainly 


*E. C. Bain, “Some Characteristics Common to Carbon and A 
American Iron & Steel Inst., 1934 
E. S. Davenport Fundamental! Characteristics of All " 
Petroleum Inst., 1935 
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Fig. 12—Spheroidized Carbide—Mag. 2000X 
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Fig. 13—Typical Weld Showing Structure Zones—Mag. Approx. 1.5 X 


take place somewhere in Zone V and the effects of age- 
hardening possibly may have to be reckoned with, al- 
though it is thought that the latter would be small and 
of no great practical significance. Recrystallization of 
ferrite occurs at temperatures in the vicinity of 1000° F. 
and involves the formation of new equiaxed grains out of 
the old cold-worked grains; the new grains are relatively 
soft and stress-free as compared to the cold-worked ones. 
Age-hardening of the type known as ‘‘strain-aging”’ 
is the term applied to the spontaneous hardening and 
decrease in ductility which occurs in cold-worked, low 
carbon steel when it is heated to only moderately ele- 
vated temperature or, at times, even when it is main- 
tained at room temperature for an extended period of 
time. Another form of age-hardening of the type known 
as “‘quench-aging’’ is considered by some authorities 
to be of significance in welding; this form of hardening 
and loss of ductility may occur in low-carbon steels after 
rapid cooling from temperatures near the A;. Both of 
these phenomena—recrystallization and age-hardening 
are reactions which proceed quite slowly, if at all, at 
lower temperatures but more rapidly at higher tempera- 
tures within the appropriate range. 

The most important metallurgical change which occurs 
in Zone V during welding is that of coalescence or spher- 
oidization of the carbide at the high-temperature end of 
the zone just below the A, or lower transformation tem- 
perature. Here, particularly if the welding time is pro- 
tracted, the carbide tends to diffuse and coalesce into 
spheroidal particles, the size of these particles increasing 
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with temperature and time of exposure in much the 
same manner as in the case of the tempering of marten. 
site; the more complete this spheroidizing action th, 
softer and more ductile the steel. The original size and 
shape of the carbide particles has much to do with the 
rate of spheroidization, coalescence tending to proceed 
more rapidly from a condition of finely dispersed car. 
bide, such as a very fine pearlite or a tempered marten 
site, than from a coarse pearlitic condition. A typical 
coarsely spheroidized structure is shown in Fig. 12 
In any event, spheroidization proceeds relatively slowly 
and since the time involved in making most welds js 
comparatively short, the region of detectable spheroidi. 
zation in Zone V is usually extremely narrow and con- 
fined to the highest temperatures within the zone (cf 
Fig. 142). 

The various structural conditions discussed in the fore- 
going pages are illustrated in the photographs of polished 
and etched sections through two typical welds of medium 
carbon steel, shown in Figs. 13 and 14. In Fig. 13 the 
various zones, with the possible exception of Zone II, 
are easily distinguishable even at the low magnification 
of 1.5 X. In Fig. 14 certain features of the structural 
gradient as shown in the continuous photomicrograph 
at an original magnification of 150 X are illustrated at 
higher magnification in the circular micrographs. In 
Fig. 14, the region marked ‘‘Deposited Metal’’® corre 
sponds to Zone I; the regions ‘‘Zone of Grain Growth 
and “‘Zone of Grain Refinement’’ correspond to the upper 
and lower parts of Zone III; ‘Transformation Range 
corresponds to Zone IV and ‘Unaffected Metal” t 
Zone Y. Zone II, between solidus and liquidus, lies be 
tween ‘Deposited Metal” and ‘‘Zone of Grain Growth 
in Fig. 14. 


Dimensional Changes 


In addition to the structural changes which occur dur 
ing cooling of the metal in and about a weld the engineer 
is concerned with dimensional changes occurring at the 
same time, and attention is now directed briefly to these 
phenomena. We have first to deal with the decrease in 
volume during solidification of the ingot. This is seldom 
a serious factor owing to the highly developed state o! 
welding technique. In the solid state, gamma-iron or 
austenite is more dense than either delta- or alpha-iron 

® In the weld represented in Fig. 14, a welding rod with carbon content owe! 


than that in the parent metal was employed, as is evident in the photomuicr 
graphs of the “Deposited Metal" zone 
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The volume change occurring when delta-iron trans- 
forms to austenite is generally inconsequential owing to 
the highly plastic character of the metal at the extremely 
high transformation temperature. The considerable in- 
crease in volume (about 1%) occurring when austenite 
transforms to ferrite is more serious as it occurs at tem- 
peratures at which the metal is relatively stiff, and par- 
ticularly is this true with the more rapid cooling rates 
culminating in the almost certain development of cracks 
when martensite (full hardening) is the product of trans- 
formation. Thermal contraction, which occurs during 
the whole cooling cycle, varies from point to point owing 
to the condition that all parts are not cooling at the same 
rate and furthermore are not cooling through the same 
temperature range at the same time. These circum- 
stances may lead to considerable distortion of the prod- 
uct if its movement is unrestricted, and in any event they 
lead to the development of internal stresses. Some idea 
of the magnitude of thermal stresses may be inferred 
from a simple calculation’ which shows the intensity of 
stress developed by a gradient of only 10° F. across a 
cool piece of steel to be of the order of 1 ton/sq. in. 
Unless the filler rod and parent metal are of widely 
different chemical composition, differences in coefficient 
of expansion are negligible in comparison to the effect 
of the temperature gradient. These internal stresses 
reduce the mechanical efficiency of the joint through re- 
duction of the safe available external stress which may be 
applied, and thus in welds intended for severe service 
often necessitate some subsequent treatment designed to 
minimize them. 


Metallurgical Treatment Following Welding 
For the purposes of this discussion, the primary weld- 
ing cycle is taken to be the cycle of first heat application, 
as for example, a single pass fusion weld or the first 
pass in the making of a multiple pass weld. The metal- 
lurgical operation subsequent to the primary welding 
cycle may be of the nature of a mechanical treatment or a 
heat treatment and may be classified as follows: 
|. Mechanical treatment, such as peening or static 
loading 
2. Incidental heat treatment as in multiple pass 
welding 
5. Intentional heat treatment of the completed weld. 


'. Peening may be employed to facilitate slag re- 
moval between passes in multiple-pass welding and to 
redistribute internal stresses through cold work, which 
induces reerystallization and grain refinement in metal 
laid down in the prior pass when heated by the follow- 
ing pass, or in any subsequently applied heat treatment. 
As there is a critical degree of cold work which induces 
abnormal grain growth on heating, peening should be 
applied in an appropriate amount, preferably greater 
than the critical value, which varies somewhat with 
‘omposition and history of the material. The applica- 
tion of mechanical work to material heavily stressed in- 
ternally may lead to cracking, which circumstance 
accounts in large measure for the greater usage of heat 
treatment methods. 

2. As each layer is applied in multiple-pass welding, 
‘ considerable thickness of the underlying deposited 
layer is subjected to a rather rapid heating into the 
atic zone and moderately rapid cooling there- 
om, thereby tending to refine the coarse cast structure. 
i general this refining process is limited to the immedi- 
ately underlying deposited layer and does not extend 
“ppreciably into the heat-affected parent metal, nor 


me. tensity = Modulus of Elasticity <X Coefficient of Thermal Ex- 
yy roe steel at 70° F. Stress = (30 X 10%) (6.7 XK 10-*) 
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can it destroy the coarse structure of the top or last 
layer; yet the fact remains that the bulk of the weld 
metal is by this means automatically refined. 

3. Intentional heat treatment of completed welds 
To meet exacting types of service many welds are con 
ditioned by some form of final heat treatment. This 
treatment falls into two broad classifications: 


A. Stress-relief annealing 
B. Full annealing or normalizing 


A. Stress-relief annealing, as its name implies, is 
designed to reduce the internal stresses resulting from 
welding, by heating to and holding at a temperature 
somewhat below the lower transformation temperature 
(A,). The temperature most commonly used in this 
country is 1100-1200° F. for carbon welds up to 0.35% 
carbon. The aim is to employ a temperature sufficiently 
high to permit readily the infinitesimal plastic flow 
necessary to relieve the internal stresses, but not so high 
that it promotes distortion or marked softening of the 
material through spheroidization of the carbide phase. 
Unless the welded article has been subjected to cold 
work, in which event recrystallization of the ferrite 
phase is possible, no marked changes may be expected 
to occur in the microstructure of mild steel as custom 
arily examined after such stress-relief annealing. If 
any martensite has been produced, as in a higher carbon 
or alloy steel weld, a treatment at 1100-1200° F. will, of 
course, encourage pronounced coalescence or spheroidi 
zation of the carbide phase with consequent softening 
and toughening (unless cracking occurred while in th: 
martensitic state). 

The prevalent view that the period of holding ai 
1100—-1200° F. should be proportioned to the thickness 
of metal treated, such as | hour per inch, is apparently 
based on the belief that since heavier sections tend to 
have greater internal stresses, more time is required 
for their dissipation. It is difficult to find any scientific 
basis for this view inasmuch as the course of stress 
relief with time at a constant temperature is very likely 
hyperbolic, with the higher stress encouraging more 
rapid atomic readjustment, so that after a relatively 
short interval the higher and lower stress recovery 
curves would tend to coincide 

For heat treatment following welding, it is of course 
important to avoid too rapid a heating rate, which 
might induce incipient cracks through non-uniform 
heating if the welding stresses are large. One prominent 
fabricator has adopted a heating rate of 400° F. per 
hour divided by the maximum plate thickness in inches 
Slow cooling (in the furnace) to relatively low tempera 
tures, 600° F., or lower, is often employed to avoid th 
reintroduction of thermal stresses. 

It should be emphasized again that any treatment of 
welds below the A, temperature, such as stress-relie! 
annealing, cannot refine the grain structure. To ac 
complish this, a heat treatment at or slightly above the 
A; temperature is required 

B. Full annealing and normalizing are the only prac 
tical treatments available for the refinement of a coarse 
weld grain structure. For mild steel welds, both treat 
ments would employ the same maximum holding tem 
perature, 6 about 1650° F. (900° C.), slightly above the 
A; temperature, with subsequent slow cooling in the 
former process, and a more rapid cooling as in still air 
for the latter. Neither process appears to be used to any 
large extent in this country, but normalizing is consider 
ably more popular abroad. An indication of the grain 
refinement available may be had from an examination of 
Fig. 14, in which the zone of grain refinement just above 
the transformation range may be clearly seen. This of 
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course represents grain refinement of the parent metal 
during the primary welding cycle but is indicative of 
freshly-formed austenite at the lower end of its stable 
temperature zone. Once the coarsened weld structure 
is refined it may be air-cooled (if of mild steel) without 
the development of serious internal stress, and the prod- 
uct has enhanced mechanical properties. 


Welding of Alloy Steels 


It would lead us too far afield to discuss the special 
metallurgical problems incident to the welding of the 
numerous types of available steels. These have been 
extensively treated by a number of investigators’; 
however, one or two comments on principles are believed 
appropriate here. 

Air hardening in those steels which are susceptible to 
this behavior may be minimized and generally avoided 
by preheating the parent metal either locally or com- 
pletely to any desired temperature below A,, that is, 
below the zone of austenite formation. This low- 
temperature heat reservoir serves to reduce the cooling 
rate of the weld metal and adjacent parent metal below 
the critical value previously referred to, thereby avoiding 
the formation of any martensite. If preheating is not 
used, the welded product should not be allowed to cool 
to room temperature before tempering to 1100—1200° F. 
to toughen the martensitic areas. With alloy and higher 
carbon-steel welds intended for severe service, Jacobus 
has reported'! that it is generally necessary to refine the 
coarse-grained structure region, indicating therefore a 
subsequent heat treatment above the A; temperature. 

Steels containing a sufficient proportion of a ferrite 
stabilizer, such as the high-chromium (low-carbon) 
steels, undergo no transformation and therefore are im- 
mune not only to thermal hardening but also to grain 
refinement by heat treatment. This latter circum- 
stance creates a need for grain growth inhibitors in both 
the welding rod and parent metal and demands a 
specialized welding practice and subsequent stress- 
relieving heat treatment. 

If the welding rod or filler metal differs widely in 
chemical composition from the parent metal, the inter- 
face layers, owing to diffusion, contain structures of 
intermediate composition, which are almost certain to 
respond differently to any given treatment, and there- 
fore require special consideration if trouble is to be 
avoided. The possibility of differing coefficient of 
thermal expansion, mechanical properties and corrosion 
resistance must all be taken into account. Possibly the 
extreme example_is that of austenitic weld metal with 
ferritic parent metal, in which an intermediate marten- 
sitic zone is almost inevitably present if the parent metal 
is of carbon or low alloy steel. Although this extreme 
procedure is by no means common it is being done suc- 
cesstully both here and abroad. 


Summary 

In welding steel there is inevitably, in the metal near 
the weld, a continuous gradation of temperature which 
brings about a gradation of structure, hence a gradation 
of properties, corresponding more or less to the maximum 
temperature reached at any point. The metallurgical 
reactions involved. are not instantaneous, but require 
some time for their completion, particularly at the lower 
temperatures. The consequence is that the position and 
size of the several structural zones about the weld de- 
pend not only upon the composition of the steel but also 


%” Miller, Bibber, Hodge, Ragsdale and Smith in “ Book of Stainless Steels,’ 
2d Edition, 1935 

Hatfield, Moritz and Rapatz in Welding Symposium, Iron & Steel Inst., 
London, 1935 

'!D. S. Jacobus, Amertcan Wetornc Socrety Journat, May 1935 
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upon the precise conditions of the welding operation 
the matter as a whole is therefore quite complex, but the 
complexity may be lessened if interpreted by means oj 
the metallurgical principles outlined in this paper 


We wish to acknowledge our obligation to Mr. J. R 
Vilella for the photomicrographs which illustrate this 
paper. 


APPENDIX 


Notes on Freezing of Liquid Steel in a Weld 
1. Columnar Crystallization 


As the liquid cools, crystallization begins at the coolest 
points, i.e., at the solid-liquid interface; possibly also 
at the air-liquid interface. The first crystals which form 
are of the delta-iron type if the carbon content is less 
than about 0.6%, and of the gamma-iron type when the 
carbon content is in excess of that figure. These crystals 
tend to grow normal to the interface mentioned, which 
leads to the development of a columnar or dendritic 
shape as they grow inward into the cooling liquid 
Welding conditions which superheat the liquid and 
promote a steep temperature gradient tend to aggravate 
columnar crystallization, while a practice which de 
velops minimum liquid temperature, an _ increased 
number of crystal nuclei centers and a milder thermal 
gradient such as attained by preheating the parent metal 
tends to minimize columnar crystallization and to pr 
mote the formation of the so-called equi-axed type 
crystals. 


2. Delta-Phase and Peritectic Reaction 


If the carbon content lies between about 0.1 and 0.6%, 
a reaction between the residual liquid and the delta-iron 
crystals occurs at about 2700° F. (1485° C.) known as 
the peritectic reaction. The mechanism is analogous to 
a reversed eutectic reaction, for on cooling to 2700" 
residual liquid of composition B (Fig. 1A) reacts with 
delta-iron crystals saturated with carbon (composition 
H) to form austenite crystals of composition J. If the 
original composition is to the left of J (less than about 
0.2% carbon) the reaction is completed with a ‘‘remain 
der’’ of delta crystals, but if the carbon content exceeds 
0.2% a proportion of the liquid remains. As the tem 
perature falls below 2700° F. either “‘remainder’’ gradu 
ally transforms to austenite crystals. 

To sum up, all compositions below 0.1% carbon freez 
entirely as delta-iron crystals and transform to austenit 
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before reaching 2550° F. (1400° C.); all compositions 
lying between 0.1 and about 0.6% carbon freeze partly 
as delta and partly as austenite crystals, the delta trans- 
forming to austenite at the peritectic temperature 2700° 
F. (1485° C.); finally, all steels containing more than 
about 0.6% carbon freeze entirely as austenite crystals. 
3. Coring 

Any alloy which freezes over a range of temperatures 
is likelv to develop ‘‘cored”’ crystals, containing a solute 
composition gradient from point to point. In dendrites, 
this is manifested as solvent-rich axes or skeletons and 
solute-rich “‘fillings."’ Alloys which freeze by a peri- 
tectic process may show particularly persistent coring 
unless slowly cooled. In austenitic chromium-nickel 
steels of the 18-8 type this phenomenon has been shown 
to have a very practical significance through the reten- 
tion of some delta ferrite.” A number of investigators 
have speculated on the effects of the peritectic reaction in 
low- and medium-carbon steels’ but aside from a possible 
association with banding relatively little of practical 
significance in wrought products has been definitely 
established. 


t. Retention of Dendritic Structure 


It appears to have been well established that dendritic 
or columnar crystals form on freezing, but recrystallize 
to more or less equi-axed (polygonal) grains in the 
upper portion of the austenite zone (denoted by Belaiew 
as the region of granulation). Chemical segregation 
accompanying the dendritic formation often, however, 
fails to be erased and persists in the cooled product, 
which when suitably etched reveals the pattern of the 
original dendrites. Generally, this pattern is of a coarser 
order of magnitude and bears no relation to the austenite 


® Bain and Aborn, Trans. A. S. S. T., 1930, Vol. 18, p. 837 


Epstein Alloys of Iron and Carbon, Vol. 1, p. 52. 


grain size pattern as revealed by the ferrite and carbide 
distribution. 
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Glossary of Metallurgical Terms 


The following concise definitions of metallographic 
terms used in this paper are given for the benefit of read 
ers who may not be familiar with metallographic termi 
nology; these terms have also been defined in the body 
of the paper where they first occur. . 

Austenite—Gamma-iron solid solution, stable only at 
temperatures above the transformation or critical range; 
capable of dissolving carbon in amounts up to about 1.7 
per cent; crystal structure face-centered cubic 

Ferrite.—Alpha-iron solid solution, stable only at tem 
peratures below the transformation or critical range; 
capable of dissolving carbon in amounts less than about 
0.04 per cent; crystal structure body-centered cubic 

Carbide.—Chemical compound, Fe;C, in plain-carbon 
steels or special carbide compound in steels containing 
strongly carbide-forming elements. 

Pearlite-—Aggregate of ferrite and carbide formed 
directly from austenite on cooling, and consisting of 
alternate lamellae of the two constituents. The spacing 
between the lamellae of ferrite and carbide is dependent 
upon the temperature of transformation from austenite 
the lower the temperature (within limits) the finer the 
spacing. 

Martensite.—Unstable alpha-iron solid solution with 
the carbon in some unstable unrejected form; results 
from low-temperature transformation of austenite in 
duced by rapid cooling. 


Principles of Surfacing by Welding 


By E. W. P. SMITH? 


Principles of Surfacing by Welding 


HE application of surfacing by welding should be 

considered from the view-point of service life of the 

equipment. Any piece of equipment must perform 
satisfactorily and meet certain very definite load condi- 
tions. Service life, measured in performance and cost 
ol that performance, must be adequate. This adequate 
perlormance may be obtained either by making the entire 
part of a given kind of metal, such as steel, or by using 
one metal as a support and another to receive the load. 
lhree definite reasons for the use of surfacing in the 
labrication of various types of equipment are: (1) It 
improves service life; (2) it reduces over-all costs; and 
\3) it lessens operating cost. The service life of equip- 
ment involves the load conditions to which the parts are 
subjected. These loads may be classified as to rate of 
application of the loading such as uniform, impact and 
vibrating. Other factors affecting service life include 
Wearing conditions, such as abrasion or corrosion, and 
conditions of temperature. Under impact loading, the 
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time rate of application of the load is important. The 
impact effect of a slow-moving train.on the rails as it 
traverses a cross-over is very much lower than that of a 
train traveling at high speed. In another instance, 
impact may be momentary as in the case of a shovel 
tooth striking a rock, or a cam operating in a machine 
In considering wear, abrasion is usually regarded as a 
grinding action as when operating in sand; or a sliding 
rubbing or rolling action, as when one metal moves 
over another. Corrosion involves gas or atmospheric 
conditions as well as liquids and, in some cases, the 
action of solids on the material under consideration 
Operating temperatures also affect service life. 

In so far as surfaces deposited by arc welding are con 
cerned, another consideration is important. This is the 
condition of the surfacing metal immediately after it is 
deposited. The surface either possesses its complete 
characteristics as deposited, or it must receive some 
subsequent treatment. For example, one surface may 
be hard as deposited, while another may require peening 
to obtain the desired hardness; or, in another case, the 
surface may require heat treatment after deposition 
Thus, surfaces may be classified under two groups, viz. 
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(1) Load conditions afid (2) condition of the surface 
after deposit, the latter being a factor in considering 
load requirements. 

Electrodes are available for the deposition of different 
types of surfaces, each having its own characteristics. 
These electrodes may be grouped according to the ability 
of their deposits to resist 


(1) Impact: Which may be either light or heavy 
in force, or may tend to deform the surface of the 
metal or cause cracking or chipping. 

(2) Abrasion: Which may be either a grinding ac- 
tion due to contact of metal with rock, sand, 
gravel and similar abrasive materials; or a slid- 
ing, rolling or rubbing action of one metal against 
another. 

(3) Impact and abrasion in combination: With one 
moderate, the other severe or both moderate or 
severe. 

(4) Corrosion: Including actions of various chemi- 
cals, water and also oxidation or scaling at ele- 
vated temperatures. May be gaseous or liquid, 
or gaseous and liquid in combination. 

(5) Temperature: Which may exist in conjunction 
with each of the above conditions. 


Electrodes may be used to obtain surfaces of fairly 
high carbon steel. The exact hardness depends upon 
the rate of cooling and, to a lesser degree, upon the 
carbon content of the supporting metal. On straight 
carbon steel with natural cooling, hardness may be 20 
to 45 Rockwell C. Peening increases hardness, for ex- 
ample, from 33 to 40 Rockwell C; quenching in cold 
water at 1450° F. increases hardness to 50 Rockwell C. 

Where shock and abrasion are factors, deposits may 
be air hardening alloy steel. Hardness of the deposits 
range between 40 and 45 Rockwell C. Depending on 
carbon content of the supporting metal, the hardness 
may run as high as 52 to 55 Rockwell C. 

Parts of equipment subject to sliding abrasive action, 
batter or repeated pounding and impact may be surfaced 
effectively with this type of deposit. 

Where the surface is subject to sliding action, and the 
parts must retain their dimensions under high tempera- 
ture—as, for instance, in metal cutting—a deposit equiva- 
lent to high speed tool steel may be obtained. Such 
deposits, in original condition, will have hardness of 
50 to 55 Rockwell C, provided it is not diluted too much 
by the supporting metal. Where this dilution is kept to a 
minimum, as by using 2 beads, hardness may be as high 
as 60 to 62 Rockwell C. The surfacing metal retains its 
characteristic at high temperatures, approximately 
1000° F. 

Where an abrasive scouring action is encountered, 
but very little, if any, battering or impact, as on agri- 
cultural implements, an abrasion resisting alloy, self 
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Fig. 2—How Cost of Surfacing Is Calculated 




















hardening, may be used to excellent advantage. Moder. 
ate peening increases the hardness from approximately 
20 to 30 Rockwell C to approximately 50 Rockwell ¢ 
The deposit retains its toughness with maximum hard. 
ness at the surface which is cold worked. The deposit 
may be hot forged. 

When the type of deposit required to meet a given 
service condition is known, the selection of a suitable 
electrode is readily made. 

As an example of the use of surfacing to meet service 
conditions, take a certain type of cutter used for cutting 
rather fibrous material under vegetable acid conditions. 
The edge must cut, the sides must resist abrasion and all 
parts must be corrosion-resistant. Using a single metal 
to meet all requirements would obviously result in a 
compromise. By use of surfacing, however, the edge 
may be hard tool steel and the sides an abrasion-resisting 
surface. (See Fig. 1.) 

Surfacing by welding is very economical in a great 
many instances. Usually the surfacing metal which is 
rather expensive, is placed on a metal of rather low cost 
The expensive metal need not be used except where it is 
in direct contact with the loading. Therefore, the total 
cost including surfacing need never exceed the cost of the 
original single-metal construction. 


For example, assume a single metal part of weight W 
which costs z cents per pound. A new design is desired, 
taking advantage of the economy of surfacing. We will 
assume that the proper surfacing material has been 
selected. The new part is to be made of metal of weight 
W’ costing y¢ and surfacing metal w costing x¢ per pound 
The problem becomes one of calculating the maximum 
permissible cost for the new design, assuming that the 
old one is efficient. 

The maximum permissible cost for new design, assum: 
ing old design is efficient, is the cost of the less expensive 
metal plus the higher cost surfacing metal or xw plus 
yW’. This must not exceed Wz, the original cost. The 
calculation for cost follows: 


xw + yW’ = 2W 
Since W = w+ W’ 
xw+ yW’ = ew+ cW’ 
xw— sw = 2W’ — yW’ 
(x — s)w = (¢ — y)W’ 


(x — 2)w 


= WW’ 
(2 — y) ” 


Add w to both terms 


(x — z)w + a Ww’ + w= W 
(2 — y) 
(*—-s+s—jyw_iy 

(z — y) 
eat | EET 
(g — y) 
therefore w = (z _ y) W 


(x—y) 
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PER CENT SURFACING MATERIAL 
SUPPORT METAL*.OS LB 
FOR EQUAL COSTS SINGLE MIETAL V& SURFACED NIETAL 
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Fig. 3—Graph Showing Per Cent of Total Weight of Surfecing Material Which May Be Used without Exceeding Original Cost of the Part When Made of « Single Metel! 


As an example, the maximum weight of surface metal 
at $2.00 (x) per pound with the supporting metal (y) 
at 5¢ per pound and cost of original design, using single 
metal construction (z) at $0.80, is: 


80 — 5 75 
SSE = — = b 8.5 
300 — 5 ~ 195 ~ 385% 


The calculation shows that the surface material may 
be as high as 38.5% of the total weight without exceeding 
the original cost. This clearly indicates the possibility 
of cost reduction as 38.5% is an extremely high percent- 
age for the amount of surfacing on any part. It is ob- 
vious that any reduction in the weight of this surface 
metal is very profitable. 

Based on the total weight of a given part the per cent 
weight of surfacing material with support metal at 5¢ 
per Ib. which may be used without exceeding the original 
cost Is given in the following table for several values of 








' 


Cost per 

Lb. Cents Cost per Pound Surface Metal 

Single Pe, a ey? aA 
Metal $1.00 $2.00 $3.00 $4.00 $5.00 
ro 15.8% | 7.7% | 51% 3.8% | 3% 
: 37 | 18 / 11.9 8.9 7.1 
4 58 28.2 | 18.6 | 13.9 11.1 
he 79 38.5 25.4 | 19 15.1 
: 100 48.7 32.2 | 24 19.2 
120 59 39 |29.1 | 23.2 
140 69.2 45.7 | 34.2 | 27.3 | 


m. m8 weight surfacing material based on total weight. For 
per Ib osts~—single metal vs. surfaced metal. Support metal 5¢ 








surfacing material as deposited and for several values of 
cost of single metal. 

The table indicates that for a surface material as high 
in cost as $5.00 per pound against an original cost of 20¢ 
per pound 3% may be surfaced by welding and the origi- 
nal cost not exceeded. More usually it will be found that 
20% or more may be surface metal without exceeding 
the original cost. This indicates the great cost reduction 
possible by using surfaces of high-grade metal against 
surfaces of base metal. 

Percentages of metals which may be surfaced are also 
shown in curve form; given the cost per pound of surface 
material and the cost per pound of the part when made 
of a single metal, the per cent surfacing material of total 
weight which will give a cost not to exceed the original 
cost is easily determined. Any percentage below those 
given is very profitable. It should be noted that too 
much or too deep surfacing may be undesirable. Not 
only is it costly but it may be found that the metal 
may not be as satisfactory as when deposited in fewer 
layers. Proper design, utilizing hard facing, requires 
just the proper amount of surfacing material. Hard 
facing, properly used, will permit a lower cost than if 
the part were made entirely of one metal. It will also 
provide improved service life because the surface most 
applicable to the design may be used without any 
great reference to the rest of the machine or equipment. 
A reduction in operation cost will also be provided 
because of the superior wearing qualities of the surfacing 
metal. It is therefore easily seen that design worked 
out by selecting the surface to meet the load or service 
requirements will result in superior service life at lower 
costs. 
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(1) Load conditions afid (2) condition of the surface 
after deposit, the latter being a factor in considering 
load requirements. 

Electrodes are available for the deposition of different 
types of surfaces, each having its own characteristics. 
These electrodes may be grouped according to the ability 
of their deposits to resist 


(1) Impact: Which may be either light or heavy 
in force, or may tend to deform the surface of the 
metal or cause cracking or chipping. 

(2) Abrasion: Which may be either a grinding ac- 
tion due to contact of metal with rock, sand, 
gravel and similar abrasive materials; or a slid- 
ing, rolling or rubbing action of one metal against 
another. 

(3) Impact and abrasion in combination: With one 
moderate, the other severe or both moderate or 
severe. 

(4) Corrosion: Including actions of various chemi- 
cals, water and also oxidation or scaling at ele- 
vated temperatures. May be gaseous or liquid, 
or gaseous and liquid in combination. 

(5) Temperature: Which may exist in conjunction 
with each of the above conditions. 


Electrodes may be used to obtain surfaces of fairly 
high carbon steel. The exact hardness depends upon 
the rate of cooling and, to a lesser degree, upon the 
carbon content of the supporting metal. On straight 
carbon steel with natural cooling, hardness may be 20 
to 45 Rockwell C. Peening increases hardness, for ex- 
ample, from 33 to 40 Rockwell C; quenching in cold 
water at 1450° F. increases hardness to 50 Rockwell C. 

Where shock and abrasion are factors, deposits may 
be air hardening alloy steel. Hardness of the deposits 
range between 40 and 45 Rockwell C. Depending on 
carbon content of the supporting metal, the hardness 
may run as high as 52 to 55 Rockwell C. 

Parts of equipment subject to sliding abrasive action, 
batter or repeated pounding and impact may be surfaced 
effectively with this type of deposit. 

Where the surface is subject to sliding action, and the 
parts must retain their dimensions under high tempera- 
ture—as, for instance, in metal cutting—a deposit equiva- 
lent to high speed tool steel may be obtained. Such 
deposits, in original condition, will have hardness of 
50 to 55 Rockwell C, provided it is not diluted too much 
by the supporting metal. Where this dilution is kept to a 
minimum, as by using 2 beads, hardness may be as high 
as 60 to 62 Rockwell C. The surfacing metal retains its 
characteristic at high temperatures, approximately 
1000° F. 

Where an abrasive scouring action is encountered, 
but very little, if any, battering or impact, as on agri- 
cultural implements, an abrasion resisting alloy, self 
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Fig. 2—How Cost of Surfacing Is Calculated 




















hardening, may be used to excellent advantage. Moder. 
ate peening increases the hardness from approximately 
20 to 30 Rockwell C to approximately 50 Rockwell ¢. 
The deposit retains its toughness with maximum hard 
ness at the surface which is cold worked. The deposit 
may be hot forged. 

When the type of deposit required to meet a given 
service condition is known, the selection of a suitable 
electrode is readily made. 

As an example of the use of surfacing to meet service 
conditions, take a certain type of cutter used for cutting 
rather fibrous material under vegetable acid conditions. 
The edge must cut, the sides must resist abrasion and all 
parts must be corrosion-resistant. Using a single metal 
to meet all requirements would obviously result in a 
compromise. By use of surfacing, however, the edge 
may be hard tool steel and the sides an abrasion-resisting 
surface. (See Fig. 1.) 

Surfacing by welding is very economical in a great 
many instances. Usually the surfacing metal which is 
rather expensive, is placed on a metal of rather low cost 
The expensive metal need not be used except where it is 
in direct contact with the loading. Therefore, the total 
cost including surfacing need never exceed the cost of the 
original single-metal construction. 


For example, assume a single metal part of weight W 
which costs z cents per pound. A new design is desired, 
taking advantage of the economy of surfacing. We will 
assume that the proper surfacing material has been 
selected. The new part is to be made of metal of weight 
W’ costing y¢ and surfacing metal w costing x¢ per pound 
The problem becomes one of calculating the maximum 
permissible cost for the new design, assuming that the 
old one is efficient. 

The maximum permissible cost for new design, assum- 
ing old design is efficient, is the cost of the less expensive 
metal plus the higher cost surfacing metal or xw plus 
yW’. This must not exceed Wz, the original cost. The 
calculation for cost follows: 


aw + yW’ = 2W 
Since W = w + W’ 
xw + yW' = sw + zW’ 
xw— sw = zW’ — yW’ 
(x — z)w = (z — y)W’ 


(x — )w _ Ww’ 
(2 — y) 


Add w to both terms 


(x — z)w 


+w=W'+w=W 
(2 — y) 


(x —2+2—y)w_ Ww 


(2 — y) 
(x — y) > 
—— w= W 
(2 — y) 
therefore w = (s — »” W 


(x — y) 
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Fig. 3—Graph Showing Per Cent of Total Weight of Surfacing Material Which May Be Used without Exceeding Original Cost of the Part When Made of « Single Metal 


As an example, the maximum weight of surface metal 
at $2.00 (x) per pound with the supporting metal (y) 
at 5¢ per pound and cost of original design, using single 
metal construction (z) at $0.80, is: 


80 — 5 75 ee 
0 5 ~ ig = 38.5% 

The calculation shows that the surface material may 
be as high as 38.5% of the total weight without exceeding 
the original cost. This clearly indicates the possibility 
of cost reduction as 38.5% is an extremely high percent- 
age for the amount of surfacing on any part. It is ob- 
vious that any reduction in the weight of this surface 
metal is very profitable. 

Based on the total weight of a given part the per cent 
weight of surfacing material with support metal at 5¢ 
per Ib. which may be used without exceeding the original 
cost Is given in the following table for several values of 




















Cost per | ios 
Lb. Cents Cost per Pound Surface Metal 
Single nai mee eee ae 
Metal $1.00 $2.00 | $3.00 | $4.00 | $5.00 
= 15.8% | 7.7%| 5.1% | 3.8%| 3% | 
4 37 18 11.9 | 8.9 7.1 
= 58 28.2 18.6 13.9 : Se 
RL 79 38.5 25.4 19 | 15.1 | 
oa 100 48.7 32.2 24 19.2 | 
140 59 39 29.1 23.2 
ae. BG 69.2 45.7 34.2 27.3 | 
an cent weight surfacing material based on total weight. For 
i Costs—single metal vs. surfaced metal. Support metal 5¢ 


surfacing material as deposited and for several values of 
cost of single metal. 

The table indicates that for a surface material as high 
in cost as $5.00 per pound against an original cost of 20¢ 
per pound 3% may be surfaced by welding and the origi- 
nal cost not exceeded. More usually it will be found that 
20% or more may be surface metal without exceeding 
the original cost. This indicates the great cost reduction 
possible by using surfaces of high-grade metal against 
surfaces of base metal. 

Percentages of metals which may be surfaced are also 
shown in curve form; given the cost per pound of surface 
material and the cost per pound of the part when made 
of a single metal, the per cent surfacing material of total 
weight which will give a cost not to exceed the original 
cost is easily determined. Any percentage below those 
given is very profitable. It should be noted that too 
much or too deep surfacing may be undesirable. Not 
only is it costly but it may be found that the metal 
may not be as satisfactory as when deposited in fewer 
layers. Proper design, utilizing hard facing, requires 
just the proper amount of surfacing material. Hard 
facing, properly used, will permit a lower cost than if 
the part were made entirely of one metal. It will also 
provide improved service life because the surface most 
applicable to the design may be used without any 
great reference to the rest of the machine or equipment. 
A reduction in operation cost will also be provided 
because of the superior wearing qualities of the surfacing 
metal. It is therefore easily seen that design worked 
out by selecting the surface to meet the load or service 
requirements will result in superior service life at lower 
costs. 
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Welded Beam-Column Connections 


By INGE LYSE? and G. J. GIBSON?? 


Introduction 


HIS investigation was sponsored by the Structural 
T Steel Welding Committee of the AMERICAN WELDING 

Society of which Mr. Leon Moisseiff is chairman 
and Mr. W. Spraragen secretary; and was carried out 
at the Fritz Engineering Laboratory on a cooperative 
basis between this Committee and Lehigh University. 
Acknowledgment is due all members of this committee 
who assisted in the preparation of the program and 
rendered valuable assistance during the progress of the 
work and the preparation of this report. 

In a previous report** the results of a cooperative 
investigation of the behavior of welded seat angles are 
presented. The present paper deals with beam-column 
connections designed for certain end restraints. Seat 
angles were chosen to carry the vertical load because 
they seemed to be the simplest and the most economical. 
The problem was to determine the type of connection 
which would restrain the beam and thus produce a nega- 
tive moment at the end of the beam. The desired quali- 
ties of the connections were stiffness capable of giving an 
appreciable end moment, and flexibility sufficient to 
allow the end of the overloaded beam to rotate enough 
to insure flexural failure of the beam at its center before 
failure occurred in the connection. Another desired 
quality of the connection was its applicability over a 
large range of spans and sizes of beams. 

Angles and plates joining the beam web to the column 
were not investigated because they seemed too expensive 
and their stiffness was limited to the stiffness of the web. 
The types of connections studied were top angles and 
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Fig. 2—Tension Rig for Plate Tests 


plates welded along the top flange of the beam and to thi 
face of the column as shown in Fig. 1. This type of tot 
connection was chosen because the material is at a point 
where it is most effective in restraint, the welding is a 
a minimum and is all horizontal, and the design for © 
straint is relatively simple and applicable to various 
depths and lengths of beams. These types of top con 
nection were first studied in a series of tension tests 
where the variations in size and thickness of the angles 
and plates could be studied extensively. It was expected 
that the action produced in these test rigs would, toé 
certain extent, give some indication of the action 0 4 
top angle or plate in a beam connection, because as Uk 
beam is loaded it deflects downward causing the ends t 
rotate. The top flange of the beam tends to move di- 
rectly away from the face of the column causing 4 te 
sion pull in the top connection which in turn produces 
the end restraint. 

A closer study of the connection was made by a ser® 
of cantilever tests which are sketched in Fig. |. The 
purpose of this series was to see if the action of the - 
connection was similar to the tension tests, to invesuge™ 
the effect of the combined action of the seat angle and . 
top connection, and to determine the maximum strengtt 
and rotation at failure. A few tests were also made“ 
web crippling of beams supported on seal angles ! 
investigate the shearing strength of the connectior, 

A final study of the end connections was made on ™ 
sized beam-column connections, also shown in Fig. sold 

In the series of tension tests the variables were wm 
to one at a time. For the angles, the length 0! the hor 
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Fig. 3—Test of Full-Size Beam-Column Connection 


zontal leg was held constant at 3 in. throughout; the 
thickness was held constant at */s in. in one group in 
which the length of the vertical leg was varied from | to 
5 in.; the vertical leg was held constant at 3 in. when 
the thickness of the angle was varied from '/, to */, in.; 
and 3 by 3 by */s angles were tested to determine the 
effect of the length of the side weld. The angles were 6 
in. long and were tested in pairs as shown in Fig. 1. 

The variables studied in the tension tests of plates 
were the thickness and length of the plates, and the type 
of weld. The thickness was varied from '/, to */, in., 
the different lengths were 3, 6, 12 and 24 in., and the 
plates were welded to the vertical face by either fillet 
or single V butt welds. The tension rig used (Fig. 2) 
was very similar to that used for testing angles, only it 
was heavier. 

Only the cantilever connections that were identical 
with the beam connections are included in this paper. 
The other variables studied in cantilevers will be in- 
cluded in a later report. Figure 3 shows a regular beam- 
column test, five of which have been made to date. The 
set-up consisted of using a B 12—28-lb. beam of an 18-ft. 
span framed between two stub columns. The columns 
were prevented from rotating by the arrangement shown, 


in order that the rigidity of the connection might be 
determined. 


Preparation of Specimens 


In the tension tests the angles were fastened to the 
rig by clamps, and welded in a tilted position with 
heavy coated electrodes. In all cases the size of the weld 
was made equal to the thickness of the angle. All angles 
were welded along the full length of both toes, and in the 
case of side weld tests, also along the edges of the vertical 
egs for specified lengths. No difficulties were encoun- 
tered in welding; the quality of the weld metal was ex- 
cellent, and the weld sizes were very uniform. After 
each specimen had broken the welds were cut off in a 
shaper and the rig was used over again. 

__For the plate specimens a special welding jig was used. 
The 8 was mounted on pivots in a horizontal position 
$0 that each plate could be welded progressively to avoid 
ne of the specimen. The welds were made in a 
‘orizontal position and built up to size by a series of 
string beads. Much difficulty was encountered in weld- 
ae to the vertical plate because of the magnetic blow. 
*\ Salistactory fillet weld could be made but the quality 
poi single V butt weld was very uncertain. It was 
Pea ogg) impossible to secure fusion within '/s in. of 
€ _ of the butt, and it was very difficult to keep slag 
ed ‘rom forming in the upper part of the weld. 
wa canes the size of the fillet weld was at least equal 
te thickness of the plate, and some of the butt welds 


fre enlarged. When the specimen was broken the welds 
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were cut off in the shaper and the rig used over again. 

The cantilever specimens were welded as shown in 
Fig. 1. The lower flange of the beam was fillet welded 
to the seat angle to take the compressive thrust of the 
lower flange. When the top connection had failed, the 
welds were cut off in the shaper and new top connections 
welded in place. Four cantilever rigs were used; three 
being connected to plates and one to a stub column 
which had a flange thickness of °/s in. The difficulty 
of welding top plates to the face of the plate by means of 
butt welds was even greater than in the tension rig. 

The complete beam-column specimens were prepared 
in the same manner as the cantilever. The top connec- 
tions were removed by hand chipping, and replaced as 
before. This method made it possible to test a number 
of connections at a minimum expense. 


Test Procedure 


The tension tests for the angles were made in the 
300,000-Ib. Olsen testing machine. The angles and 
welds were whitewashed to indicate yielding, and ob 
servations were recorded. The deflections between the 
top and bottom sections of the rig were measured by 
Ames dials reading to '/10,000 in. When the deflections 
had exceeded 0.1 in. they were measured by a steel scale. 
The dials were attached as shown for the plate tension 
rig in Fig. 2. Identical observations were recorded on 
the plate and angle specimens, but in addition the yield 
point of the plates was taken at the drop of the beam of 
the testing machine. The plate tension rig was con 
structed to be used in the 800,000-lb. Riehle machine 
because of the greater capacity required. 

The cantilevers were tested in the 300,000-Ib. Olsen 
machine in an upside-down position to simplify the set 
up. Rockers were provided under the ends of the 
beams and a spherical bearing block was used in the 
center plate or column. Ames dials reading to '/ 10,000 
in. were attached to both sides of the web close to both 
flanges to measure the rotation of the connection. The 
plungers of the dials rested against the face of the 
column as shown in Fig. 4. Additional dials were 
placed as shown in the picture for observing the deforma 
tions of the flanges of the stub column. 

The beam used in the full-sized connection was first 
tested as a simple beam to determine accurately its 
moment of inertia. With the connections in place, the 
rotations of the beam relative to the column were mea 
sured by Ames dials as described for the cantilever tests 
The rotation of the column was measured by a level 
bar sensitive to 0.00002 radian. For stiff connections 
it was found necessary to jack up the short beams pro 
jecting from the columns to keep the column from rotat 
ing, because a small rotation of the column had a large 
effect on the stress distribution in a beam. Third-point 





Fig. 4—Test of Cantilever 
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loading was chosen for the beam because this most closely 
simulates uniform load. Whittemore strain gages were 
used for observation along both sides of each flange to 
determine the amount of restraint developed by the con- 
nection. 


Discussion of Results of Tension Tests 


In the tension test of top angles the initial scaling of 
the whitewash occurred on the throat of the weld on the 
vertical leg (the leg along the face of the column in the 
connection), at a load of about three-fourths the ultimate 
and at an average deflection at the heel of the angle of 
0.1 of an inch. The next point of scaling was on the 
vertical leg of the angle at about the edge of the fillet 
close to the maximum load and at a deflection of the heel 
of '/, in. All the 3 by 3-in. angles were remarkably 
tough and held the maximum load until an ultimate 
deflection that was always greater than '/, in. had 
occurred (see Fig. 5). The */s-in. angles tested with 
shorter legs, scaled on the horizontal leg at about the 
edge of the fillet, and their maximum deflection was 
somewhat less. The duplicate specimens agreed with 
the ultimate loads of the first set within five per cent, 
which was considered very satisfactory. The effect of 
length of the vertical leg on the stiffness and strength of 
the angle is shown in Figs. 6 and 7. Both the stiffness 
and the strength increased very markedly with the 
decrease in length of the vertical leg. Side welds caused 
a considerable difference in the action of the angle. The 
end of the side weld nearest the heel started to scale at 
low loads, and at the ultimate load the side welds start 
ripping at small deflections of the heel. When the side 
weld extended along the entire length of the vertical leg 
the angle was very stiff but had very little flexibility. 





Fig. 5—Illustration of Flexibility of Angle Connection 
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Fig. 6—Relative Stiffness with Variable Length of Vertical Leg 


The duplicate specimens showed wide variations wit) 
the first set as shown in Fig. 8. The concentration oj 
stress at the end of the side weld, the uncertainty oj 
strength, and the small flexibility seem to indicate that 
this type of weld is undesirable. Increased thickness o/ 
the angle increased the stiffness and strength of th 
angle to a very marked extent while the flexibility is 
still maintained. 

The welds in the plate tension tests never developed 
more than two-thirds of the strength of thinner plates 
or more than one-half the strength of plates thicker than 
‘/ein. This is principally due to the eccentricity of th: 
weld on the vertical plate and to the initial welding 
stresses in the plates. Just before failure the plates 
began to bow out about two inches from the weld whic 
started to rip from the root. To avoid this eccentricit) 
it was decided to try a single V butt weld. This gav 
much higher strength, but was more difficult to weld 
In this case the failure was similar to the fillet speci 
mens, because of the inability to secure fusion at th 
root, and of the high initial welding stresses in the plates 
When fairly good fusion was secured in the butt welds 
the failure occurred in the face plate which represents 
the face of the column. It seems that heat produced b) 
welding destroyed the structure of the metal in the fact 
plate and caused grain growth which weakened the meta 
to such an extent that chunks up to */s-in. deep wert 
torn from the plate. It was decided to measure tk 
initial welding stresses, and it was found that for plates 
thicker than '/, in. the surface stresses exceeded the yield 
point of the material and caused a decided bow in th 
plate which can be seen in Fig. 2. These initial stresses 
lowered the elastic limit to practically nothing ior \ 
thicker plates. The results were not consistent enoug? 
to show many trends of the variables studied. Neithe! 
type of welding developed the yield-point strength © 
plates thicker than '/, in. and there was never any failure 
of the thinner plates. So many difficulties and unce’ 
tainties were encountered in this study of welded plates 
that they do not seem suitable for stiff beam connectio® 
where they must be depended upon to take the fixed e° 
moments. 


Analysis of Connections 


At this point it seems necessary to consider how ve 
results of the tension tests can be applied quantitative ’ 
to beam connections. Referring to Fig. 9, it is show” oe 
the end moment of a beam or cantilever is resisted by : 
couple consisting of a thrust located approximately © 
the top of the seat angle and a tension pul! on the “ 











> 


with 
on ol 
ity of 
> that 
ess of 
f the 
ity is 


‘loped 
plates 
r than 
of the 
elding 
plates 
which 
tricity 
$ gave 
weld 
speci- 
at the 
plates 
welds, 
esents 
ced by 
1e face 
» metal 
D wert 
re the 
plates 
e yield 
in the 
stresses 
for the 
enoug! 
Neither 
igth ol 
failure 
uncer 
plates, 
ec tions 
ced end 


ow the 
tatively 
wn how 
ed by 4 
ptely 4! 
the top 





3300} ies Steep: ; = 














3000 








sD 
wn 
=] 
° 


wn 
3 
S 
‘oJ 


a 
Ss 
° 








te Load per Inch of Angle in Pounds 


° 
i) 
9 





Ultimea 


Ww 
° 
S 
+ 

| 

| 

| 


! 
| 











a 


| 

| 

| | 

Pee et 
0 l l 

/ 2 3 4 
Length of Vertical Leg in Inches 





Fig 7~ Effect of Length of Vertical Leg on 
Strength of Angle 





18 COO}— ; , 4 


16000}___—_1— 


14000 


Pounds 


nm 


12000 


10 000 





load per Angle 


1 | 
3"x 3°x§° Angles 


to00 in Long _ 


U/timeate 





6000 








4000 i i | | 
e t 2 3 4 5 
Length of Side Welds in Inches 





Fig 8 - Effect of Length of Side Welds 


a located at the edge of the top leg. Undoubtedly 
rs aap 1S not as simple as that illustrated but the 
a seem close enough for all practical purposes. 
be rotation of the beam relative to the column was 
asured by the dial deflections y¥, and y2. From these 


ae? it is shown how the center of rotation, and the 
eflection of 





WELDED BEAM-COLUMN CONNECTIONS 37 


on the angle. From these two values a load deflection 
diagram of the top angle can be plotted, and these dia- 
grams form the basis of comparison of the action of the 
top angles in the tension, cantilever and beam tests. 

It will be explained farther along that yield-point 
strength of the angle is of great importance and a method 
of analysis of the yield strength of the angle is sketched 
in Fig. 10. The approximations involved in the analysis 
are based on observations of the tension and cantilever 
tests. The sketch of angle was traced from an actual 
tension specimen. The two critical points are the top 
weld and the section of the leg at the edge of the fillet 
of the angle. The whitewash first scaled at the weld so 
it was thought that by the time the flexural stress of the 
angle had reached its yield point the bending stress 
distribution at the throat of the weld was approximately 
rectangular. The yield strength of the angle F was 
computed using the lever arm and the weld and angle 
moments computed as shown. The yield strength values 
for rectangular stress distribution in the angle was also 
figured out for comparison. The results are shown in 
tabular form in Table 2 and they are also plotted in Fig. 
11 and will be discussed later. 

The effect of the top connection on the moment dis- 
tribution in the beam can be determined theoretically if 
the end moment is known for any rotation of the end of 
the beam. The effect is best measured quantitatively as 
degree of restraint designated as R. 


R= J or R=] mp 
Mr 0, 
M = end moment of a beam at a given load 
Mr = fixed end moment for the same load 
ra) = end rotation of the beam 
0, = end rotation of an unrestrained beam for the same load 


In all cases the arithmetical sum of the end and center 
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Table 1—Summary of Cantilever Tests 









Point of Defl. of 
Rotation Top 
above Angle Ultimate Deflection of 
Top Lever Seat at at Ultimate Force Y. P. Force Top Angle at: 
Weld Arm Y. P. Load Failure Load Per Inch Per Inch 18,000 
Top Angle In. In. In. In. Lb. of Angle of Angle Sa: <: Failure 
3/5 x 61/4 3/, 32 i/, T/s 11,900 1950 850 0.098 0.160 
/o x 6 1/, 36 t/s 3/4 12,300 2460 1300 be , 
5/3 x 61/s 5/5 32 1}/, 5/s 28,500 4680 2500 0.069 0.150 
*/,x6 3/, 36 2 T/h¢ 33,100 6620 4050 0.060 0.156 
T/, x 61/; /, 36 21/, ie 45,000 8320 6300 0.044 0.146 
Table 2—Comparison of Design and Test Results 
Calculated 
Y. P. Force Working 
Angle Per Inch Design Design Load Per 
Thick- Weld F = M, Ps Ma PF «= Ma of Angle Load Per- Load Per- by Cent 
ness Size a a a [| W Cw Cw Cent ml Cent Test R by 
In. In. TA AA ‘| [JA AA AA R [JA R Lb. Test 
3/, 3/, 300 350 530 830 650 19,700 13 20,200 17 21,700 23 
1/, 1/, 1570 670 1000 1570 1240 21,300 24 22,200 29 ea 
5/5 5/s 950 1100 1660 2610 2050 23,500 36 25,000 2 27,600 49 
3/, 3/4 1500 1750 2630 4130 3250 26,800 49 29,200 57 29,000 57 
7/s 3/4 1500 2740 4120 5620 4240 29,400 59 33,200 69 33,700 70 
1 3/, 1500 3890 5840 7340 5390 32,500 67 37,900 79 35,000 74 





Assumed yield point of weld metal = 40,000 p.s.i. 
Assumed yield point of angles metal = 35,000 p.s.i 


moments on the beam must be equal to the total applied 
moment which is determined from the amount and type 
of load. For a uniformly loaded beam: 
eee, 
Mr = M.+ M = g 
The ideal conditions would be when the end and center 
moments were equal. 


WL WL 
= > 9} = = 
M. M then 2M 3 M i6 
WL 
WL M 16 oA 
Mr = iD so R iM, = WL = ().75 
12 


To develop ideal restraint the connection would have to 
let the end of the beam rotate a certain amount. This 
indicates a rather delicate design for ideal restraint be- 
cause if the connection were too rigid the end of the beam 
would be overstressed, and if it were too flexible the 
center of the beam would be overstressed. However, 


since the maximum moment in the beam between fifty 
7 


12 and the corre- 
sponding amount of end rotation of the beam has also 
the same range of variation, it would be comparatively 
easy to design a connection that would have a restraint 
within this range, while there would still be a saving of 
one-third the section modulus of the beam. 


and one hundred per cent restraint is 


Discussion of Cantilever Test 


It was found that the effect of the seat angle on the 
connection was very noticeable when the lever arm of 
the cantilever was as short as twelve inches. The effect 
on the moment rotation relation was very much reduced 
as the lever arm was increased, so all comparison of the 
cantilever tests was made with lever arms of 32 or 36 
in. which would be at the point of inflection of an 18-ft. 
fixed beam. The force or load deflection relations of the 


Seat Angles 6 x 6 x '/; by 7'/, long 
Top Angles all 3 x 3 x 6'/s. 















top angle were computed and plotted as explained in the 
analysis. For some reason they did not check very wel 
with the tension test but they compared quite favorably 
with the beam test as shown in Fig. 12. The angles 
tested in tension took a considerably larger load before 
they reached their yield point, but the ultimate strength 
and the maximum deflection were practically the same 
as in the cantilever tests. A summary of the results is 
shown in Table 1. 
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Fig. 10 - Method of Analysing Top Angles 
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Fig 12— Load- Deflection Relation of Top Angles 
for Cantilevers and Beam Connections 


Discussion of Complete Beam-to-Column Connections 


: he beam used was first tested as a simple beam to 
oY Its section modulus. Assuming a 29.5 million 
wus, center deflections by the mirror-wire and scale 


de 
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method gave a section modulus of 34.0. Whittemore 
strain readings gave 35.9, while the handbook value was 
35.6. The seat angles used were 6 by 6 by '/2 in. by 
7'/, in. long. The 6-in. outstanding leg was chosen so 
as not to overstress the fillet welds between the lower 
flange and the seat by the compressive thrust due to the 
end restraint. 

The strain data taken along the beam is a direct check 
on the end restraint developed by the connection. A 
sample of the data for one load is shown in Fig. 13. A 
similar graph is plotted for every load, and from them 
the degree of restraint can be taken from either the 
point of inflection or from the end moments. The total 
calculated applied moments checked out with the total 
measured moments within four per cent. 

In these tests the columns were kept plumb by the 
jacks under the short beams of the columns as shown 
in Fig. 3. The restraint computed from the end rotation 
checked the restraint measured by the strain measure 
ments fairly closely. When these restraints were plotted 
against the load on the beam as shown in Fig. 15, the 
degree of restraint fell off as the load increased. This 
effect is especially noticeable in the case of the lighter 
top angles. The decrease is due to the fact that when 
the top angle reaches its yield point the end moment 
remains practically constant and the increased load is 
taken by the moment in the center of the beam. An at- 
tempt was made to test the beam to destruction but the 
test proved a failure because the beam was not supported 
laterally. The only way to prove that the connections 
were flexible enough to insure the beam to fail first in 
the center is the calculations summarized in Table 1. 
The yield point of the top angle was taken arbitrarily 
at a deflection corresponding to a stress of 18,000 p.s.i. 
in the beam. Making the conservative assumptions 
that the end moment remains constant at this value of 
deflection and that the point of rotation of the end of 
the beam is at the seat angle, the maximum deflection 
of the top angle can be computed at the failure of the 
beam which is assumed to be at the yield point of the 
flanges or at approximately twice the working load re- 
sisting moment. When these computed values are com- 
pared with the maximum deflections at failure as taken 
from the cantilever tests, it is seen that there is a large 
margin of safety against failure of the connection. 
Figure 11 shows that the margin of safety on strength of 
the top angles is considerable. 


Proposed Method of Design 


Figure 14 shows that the reduction in stress by the 
use of top angles is considerable and is worth designing 
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for. As discussed under the analysis the most practical 
restraint to design for lies in the range between fifty and 
one hundred per cent restraint when the maximum 


be for uniform load. 
tained for the particular beam investigated by 3 by 3 by 
3/, by 6'/. in. top angles (Fig. 15). Figure 12 shows 
that the angles had reached their yield point when the 
stress in the beam was 18,000 p.s.i., and since the top 
angles do not take on much load once they have passed 
the yield point, it seems conservative to assume that the 
angles only take their yield-point strength at working 
stresses on the beam. The proposed method of design 
for uniformly loaded beam would follow these steps: 

|. Determine the size of the beam from the load and 


r 


moment is This was readily ob- 


“ 


span based on the maximum moment of 


12 © 
2. The end moment necessary for fifty per cent R 
‘LL 
is at least 24° From this end moment determine the 


force couple necessary to produce it. 

3. Dividing this force by the width of the top flange 
will give the yield-point load per inch of top angle. 

4. The load per inch will determine the size of the 
angle and weld necessary which should be computed on 
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the basis of rectangular bending stress distribution oy 
the weld and triangular on the angle. Figure 11 shows 
that these assumptions are all conservative because the 
yield points of the angles from actual tests of cantilevers 
and beams all fall somewhat above the computed values 
A comparison of design and test results is tabulated jp 
Table 2. 

The range of weight, depth and span of beams to which 
this method of design is applicable is the program con. 
templated for further investigation by the authors. (pb. 
viously a top angle would not have an appreciable effect 
on a very heavy beam or girder. A very long span would 
not give enough margin of safety on the deflection of the 
top angie and very short spans will not develop the yield 
point of the angles, but there seems to be a definite range 
of light-weight beams where this method would be 
applicable. 


Conclusions 


The results obtained in this investigation indicated 
that: 


A. Tension Tests. 


1. The stiffness and the strength of the angles in- 
creased with the decrease in length of the vertical 
leg. 
The stiffness and strength of angles increased 
very appreciably with the increase in thick 
ness of the angles. 
Welds of size equal to the thickness of the angl 
produced yielding of the angle before failure 
4. Angles with vertical legs of 3 in. or more de 
flected '/s in. or more before the load decreased 
Side welds on angles were uncertain because of 
heavy stress concentrations at the ends of the 
side welds. 
6. The results of butt and fillet welded plates 
showed that this type of connection was not 
advisable. 


bo 


—— 


or 
: 


B. Cantilever Tests. 

1. Top angles yielded at lower computed tensik 
loads than in the tension tests, but the strengths 
were approximately equal. 

2. The maximum deflection of the top angles was 

about the same as in the tension tests. 

3. For top angle connections the center of rotation 
of the beam was about at the seat angle. 

4. A considerable reserved strength was found i 
the angle connections when compared with the 
proposed design methods. 


C. Complete Beam-Column Tests. 

1. The reduction in stress of the beam due to the 
restraint offered by the top angles was ve 
pronounced (Fig. 14). 

2. Top angle connections were flexible enough ' 
insure failure in the center of the beam insteat 
of in the angle connection. 

3. An end rigidity of at least fifty per cent W® 
readily obtained when thick top angles wer 
used. 
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When and How Silver Solders Are Used 


By R. H. LEACH? 


the fabrication of equipment has resulted in the 

development of improved processes for joining. 
New alloys in both the ferrous and non-ferrous groups of 
metals have been produced in which either the physical 
or corrosion resistant properties are controlled to a 
great degree by heat treatment. It is becoming in- 
creasingly important, therefore, that designers and 
manufacturers of equipment have as much information 
as possible regarding the merits of different materials 
and processes that are available for welding, brazing 
and soldering. Silver solders are a group of brazing 
alloys for which new and extensive uses are being found 
constantly in the industrial field and the purpose of this 
paper is to present in a somewhat discursive manner 
various characteristics that would appear to justify 
their use in preference to base metal brazing alloys 
and also to review methods that have been developed 
for obtaining their most efficient and economical ap- 
plications. 

The compositions and properties of silver solders, 
fluxes and the characteristics of silver soldered joints 
have been given in previous papers.' With the exception 
of a few special compositions of limited use the melting 
points of silver solders cover a temperature range 
from 1200°F. to 1600° F. and because of these low melting 
points and other desirable properties they merit con- 
sideration wherever strong corrosion-resistant joints are 
required. It should be noted that in earlier papers the 
lower temperature in this range was given as 1300° F. but 
the success that has been attained in making strong joints 
at 1200° F. by the combination of a special silver solder 
and flux justifies this revision. 

A list of metals and alloys that can be joined with silver 

solders would include practically all of those in both the 
ferrous and non-ferrous classifications that can be heated 
to 1200° F. without seriously affecting their properties. 
As both time and temperature must be taken into con- 
sideration when evaluating the effect of elevated tem- 
peratures on metals it is obvious that the method em- 
ployed in heating the joint may have a decided influence 
upon the extent to which the properties of the metals 
will be affected and fortunately the constant improve- 
ment in the design of torches, furnaces and electrical 
methods of heating gives the user of silver solders the 
means to control the heating and greatly reduce the 
chance of damaging the metals. 
The high degree of ductility and malleability of silver 
solders give them two important advantages. First: 
joints made with them provide great resistance to 
vibration and severe shocks. Second: they can be fabri- 
‘ated easily into a wide variety of sizes and shapes thus 
making it possible to obtain them in the form most con- 
venient and economical for the different conditions under 
Which they are used. They can be applied to any type 
of sd 

joint and although scarf, lap and sleeve joints on 


T" great increase in the use of sheet metals for 
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sheet metal, piping and tubing have the advantage of 
providing a greater bonding area than butt or seam 
joints, the latter if properly made will give strengths 
well above the yield points of most metals and will stand 
severe cold working. Experience has shown that the 
strongest joints are produced with a minimum amount 
of clearance, and the free flowing characteristic of these 
alloys makes it possible and advantageous to provide 
closely fitted joints that only require a small amount 
of solder. Properly fitted joints are economical in the 
use of solder and the neatness of these joints, which 
in many cases are practically invisible to the naked eye, 
is often a decided advantage. 

The use of silver solders on joints which are to be 
subjected to elevated temperatures such as securing 
shroud bands or lashing wires in steam turbine construc- 
tion and joints on steam lines raises the question of the 
effect of these temperatures on the strength of joints. 
R. C. Allen’ states that silver solders should not be 
used at a temperature exceeding 875° F. Short time 
tests which have been made in different laboratories 
on silver soldered stainless steel joints confirm Mr. 
Allen’s statement, unless the joint can be designed to 
allow a very large factor of safety. The general average 
of the figures obtained from these tests indicate that the 
strength of the joints at 550° F. would be about 50% 
of that at room temperature, at 700° F. about 30% 
and at 850° F. from about 10 to 15%. Tests on silver 
soldered joints using steel tubing and fittings for high 
pressure steam lines showed similar lowering of the 
strength and it was concluded that for severe service 
conditions of this type they do not allow a sufficient 
factor of safety for temperatures above 450° F. Of 
course the type of joint and the degree of exposure that 
the solder itself has to hot corrosive gases or liquids 
may have a decided influence on the maximum tem- 
perature at which it would be safe to use silver solders. 

One of the questions most frequently asked in con- 
nection with the use of silver solders is in regards to 
their corrosion resistance. It is difficult to make any 
specific statement but their resistance compares favor- 
ably to that of copper, copper alloys, nickel-silver and 
nearly all of the non-ferrous metals and alloys which 
are used for their corrosion-resisting properties. They 
are attacked by nitric acid but as far as ordinary atmos- 
pheric corrosion is concerned their resistance is similar 
to that of the different metals and alloys with which 
they are used. The problem of galvanic corrosion is 
probably the most important to be considered when 
joints made with them are subjected to various corrosive 
agents and as laboratory tests are likely to be misleading 
it is advisable to place specimens of soldered joints 
under actual conditions of use, for sufficiently long 
periods of time to obtain reliable data. The higher 
grades have been used in manufacturing equipment for 
chemical industries and records of their use over long 
periods of time justify their classification as corrosion- 
resisting alloys. Moreover, it is often possible to design 





2 “Steam Turbine Materials for High Temperatures,” Symposium on Effect 
of Temperature on the Properties of Metals—Joint meeting American Society 
Mechanical Engineers—A. S. T. M. June 23, 1931 
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lap or lock seam joints in which the actual area of the 
solder exposed to chemical attack is so small that they 
can be used with metals that are more resistant. Joints 
of this type can be made by inserting strips a few thou- 
sandths of an inch thick into the joint and strong leak-tight 
joints can be made at comparatively low temperatures 
which is an important factor when we realize that the cor- 
rosion-resistant as well as physical properties of some 
of the newer metals and alloys are greatly diminished 
by heating to temperatures required for brazing with 
base metal alloys and welding rods. The silver-copper 
eutectic which melts at 1435° F. can be used when the 
presence of zinc in the solder is objectionable. On the 
other hand if copper is harmful, compositions of silver 
with zinc, cadmium and tin are available which melt 
in the silver solder range and make strong joints. 

The selection of the most suitable grade and form of 
solder is dependent upon many different factors. It 
would seem to be quite evident that an important point 
to be considered is to determine whether there are 
critical temperatures at which the metals or alloys to 
be joined are likely to be adversely affected. For ex- 
ample, in the case of Monel metal, temperatures between 
1400° F. and 1600° F. are to be avoided and the silver 
solder having the lowest melting-point will provide the 
greatest factor of safety. On the other hand, when the 
joints may be subjected to subsequent heat treatment 
at temperatures above 1400° F., the lower grade solders 
which melt at 1500° F. to 1600° F. should be selected. 
Solders containing appreciable percentages of phos- 
phorus are not recommended for use with steel or iron, 
particularly if the joints are likely to be subjected to 
shock or vibration. When great ductility is required a 
solder containing high silver and low zinc will give the 
best results. An example is the joining of copper rods 
that are to be drawn into wire. Unfortunately the 
relatively wasteful use of silver solders in poorly fitted 
joints and for making fillets tends to cause the selection 
of the lower grade solders which have higher melting 
points. When the sections to be joined are of com- 
paratively heavy gage and the higher temperatures do 
not cause excessive grain growth or any other serious 
adverse effect there may be some economy in the use of 
the lower grade solders. It should be considered, how- 
ever, that although there may not be any serious damage 
to the metals from the use of higher temperatures, the 
shorter time and lower temperatures required for the 
use of those solders having low melting points means a 
saving in labor and other costs. Moreover, the amount 
of solder required in a closely fitted joint is so small that 
the actual saving in the total cost of making the joint 
by using a low grade solder is not as great as might be 
expected. Another point in connection with the selection 
of the most suitable grade is the corrosion resistance 
referred to in a previous paragraph. 

If conditions of use are such that the electrical re- 
sistance of the solder itself is of greatest importance the 
silver-copper eutectic previously referred to has an 
electrical conductivity of 77% of that of copper. In 
general, however, the electrical conductivity of silver 
solders is such that the small amount that is present in 
properly fitted joints does not materially affect the 
conductivity and they are widely used in the electrical 
field. 

In the discussion thus far we have attempted to give 
a broad outline of the general character of these alloys 
which would serve to indicate those conditions for which 
silver solders would be preferred to other types of 
brazing alloys. The following comments, therefore, will 
relate more to their application and points that should 


October 


be kept in mind in order that the best results may be 
obtained. 

Previous mention has been made to the advisability 
of having small clearances in silver soldered joints. The 
actual clearance that it is practicable to provide in the 
design of the joint will be influenced by the type of joint 
but it should not exceed a few thousandths of an inch 
and preferably should be even less. Table 1 gives the 








Table 1 


Thickness of Tensile Strength 

Joint, In. Lb./Sq. In. 
0.0005 100,000 
0.0010 113,000 
0.0015 134,000 
0.003 117,000 
0.004 111,400 
0.006 87,000 
0.019 63,800 
0.025 


45,600 





results of some tests on stainless steel butt joints. The 
solder used in these tests in annealed condition shows a 
tensile strength of approximately 65,000 Ib./sq. in. and 
the stainless steel 160,000 Ib./sq. in. The joints for this 
test were made by holding two pieces of stainless steel 
firmly together in suitable jigs and after the joint had 
been brought to the proper temperature the solder was 
flowed into the joint. In addition to the high strength 
two principal points of interest shown in the table are 
first, that when the space in the finished joint was below 
1'/, thousandths, the maximum strength was not ob- 
tained and second, the falling off in strength as the space 
increases above 0.002. Examination of specimens made 
in this way indicated that the lower strength obtained 
when the space was less than 1'/; thousandths, was due 
to blocking off small areas because of unevenness of the 
fitting which prevented the flowing of the solder over 
the entire surface of the joint. It is interesting to note 
in this connection the results reported by H. M. Webber’ 
on some tests of copper brazed joints in which he states 
that snug joints give greater strength than loose joints 
with a 0.003-inch gap. 

In the case of tube or pipe joints it would appear that 
clearances of 0.002 to 0.003 would be preferred, particu- 
larly if the solder is fed into the joint, in order to insure 
that unequal expansion during heating will not force 
parts of the joint area so tightly together that the solder 
cannot penetrate. It is of course difficult to maimntail 
too close tolerances on standard pipe and fittings but 
the point to keep in mind is that silver solders should not 
be used as fillers and a reasonable attempt to maintail 
small clearances in the joint will be justified by the results 
produced. 

As a corollary to the statement that small clearances 
are desirable, it is necessary to provide proper jigs 
hold the parts in position and this point deserves mor 
consideration than is often given to it. The jigs should 
be designed so that the parts may be held firmly ™ 
position when the heating is done by a torch in order 
that the workman may be free to devote his entire time 
and effort toward uniformly heating the joint. Whe 
assemblies are brazed in electric furnaces this provisio? 
for properly holding the parts in position is usually gv 
proper consideration and of course in pressure brazing 
the parts are held firmly together during the beat 

Experience in the field has shown that the — 
for having the surfaces of the joint clean and protect 
with flux is not fully appreciated. Grease, oxides, S° 


by 





*“‘Metals Are Brazed in Controlled-Atmosphere Electric F urnaces 
H. M. Webber, Reprinted from Steel, Aug. 12 and 26, 1935 
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and dirt of any kind should be removed and extra care 
taken in this regard will eliminate one of the causes of 
defective joints. Mechanical and chemical cleaning 
methods can be used. The temperatures required for the 
use of silver solders will cause the oxidation of the sur- 
faces of both the solder and metals being joined and 
provision should be made for preventing this oxidation 
as far as possible and the removal of any oxides which 
may form. Combination of salts which are commonly 
called fluxes should be spread along the joint and also 
on the surface of the solder. The presence of films that 


, are not visible to the eye has been proved to be quite 


sufficient to prevent proper wetting of the surface with 
the solder. The principal points in selecting a flux are 
that it should be fluid and active at the melting point 
of the solder. A viscous flux has a tendency to cause 
inclusions. For temperatures above 1400° F. borax or 
combinations of borax and boric acid have been found 
satisfactory. Phosphates and other salts may be used 
and there are excellent prepared fluxes on the market. 
Special fluxes should be used for stainless steels, beryllium, 
copper and other alloys or metals which have particularly 
refractory oxides. When using solders that melt below 
1400° F. it is also preferable to use fluxes which are more 
fluid than borax at these lower temperatures. 

In one of the earlier paragraphs mention was made 
of recent improvement in torches and other types of 
equipment used in brazing operations. It is probable 
that some form of torch is used to a greater extent than 
any other method of heating. As silver solders melt a 
low temperatures the ordinary gas and air torch will 
provide sufficient heat. In the silverware and jewelry 
industry this type of torch is used almost universally 
and for heating small parts it will be satisfactory but the 
tendency to use an oxidizing flame and slower heating 
are disadvantages. Oxygen-gas torches give a hotter 
flame and recent developments of these torches with 
multiple tips and special forms are giving excellent 
service in large plants where semi-skilled operators are 
employed and a large number of units are being silver 
soldered. Oxyhydrogen is also used to some extent but 
in the hands of a skilled operator the author is of the 
opinion that except for small delicate parts the oxyacety- 
lene torch is the most flexible and satisfactory for the 
majority of jobs. Silver solders are adaptable to those 
cases where dip brazing is used and strong joints required. 
One of the places where this method is particularly 
useful is in joining small wires. Dip brazing units which 
are heated by electricity have been developed and the 
results have proved most satisfactory. The use of 
electric furnaces for brazing in industrial plants has in- 
creased rapidly in the past few years. When using silver 
solders they can be operated at considerably lower 
temperatures than with copper or base metal alloys. 

he parts can be assembled in suitable jigs with the 
solder inserted either in or along the joints and by using 
controlled atmospheres in the furnace chamber oxidation 
can be prevented. At the temperatures used for silver 
soldering, however, reducing gases are not as active 
as in the case of copper brazing and it is often found 
desirable to use a thin coating of flux. 

Resistance welding machines in modified form to meet 
- lower temperature range of silver solders have been 
“eveloped which have many advantages. The heating 
in this type of machine is localized and can be accurately 
Centrolled.. Carbon blocks are used when the heating is 
<a by what is called “incandescent brazing” but other 
— materials can be used for the dies or electrodes. 
y 7 solder is inserted in the joint and the application 
rel re and heat simultaneously gives a very strong 

ne with the use of a minimum amount of solder. 





Fig. mein ag Resistance Brazed Silver Soldered 
Mag. 200 X 


Electrically heated tongs are available for use on small 
joints. As an example of the control of heating and its 
effect on the physical properties of the metals by resist- 
ance brazing the following experiments will be of interest. 

Lap joints */s inch wide were made on two sheets of 
copper '/s inch thick by inserting a strip of silver solder 
0.005 inch thick. Samples approximately '/, inch wide 
were cut in different sections of the joint and tensile tests 
made. All tensile specimens broke in the copper outside 
of the joint. Photomicrographs showed no appreciable 
increase in grain size on either side of the joint. Hardness 
tests taken on the specimen are given in Table 2. 





Copper Lap Joints Made 
by Resistance Brazing with Silver Solders. '/1 inch Ball—100 
Kg. Load—"B” Scale 
Distance from Lap 
At Joint '/, in. 1/, in. 3/, in. M/sin. 2'/2in. 5 in. 
5 58 59.5 59.5 59.5 60 60 


Figure 1 shows a photomicrograph of the joint. 

One of the interesting developments is the use of 
silver soldered joints in place of the ordinary screw type 
on pipes and fittings. Soft solders are also used but 
silver solders have the advantage of giving much stronger 
joints and at the same time require lower temperatures 
than base metal alloys. Moreover, except under unusual 
service conditions the joints retain sufficient strength 
at elevated temperatures to provide an ample factor of 
safety. In making joints on pipes and fittings the solder 
can be fed in from the outside through the space between 
the pipe and fittings or in some cases feed holes in the 
fittings have been used. A leading manufacturer of 
pipe fittings has placed on the market a line of fittings 
in which silver solder inserts are placed in grooves in 
the fittings. The heat is applied after assembling and 
the solder is drawn into the space between the pipe and 
the fittings by capillary action. When a thin line of 
solder appears around the pipe and the fitting it gives 
visible assurance that a good joint has been made. Joints 
have been made up to 12 inchs in diameter pipe sizes by 
this method. 

Two articles by Mason F. Noyes‘ describe the results 
of tests made at the Bureau of Engineering of the 

* “Copper-Nickel (70:30) Alloy,” by Mason S. Noyes. Reprinted from 


ee of the American Society of Naval Engineers, Vol. XLVIII, No. 1, Feb 
19 


“The Navy's Soldered Fittings,” by Mason S. Noyes, Reprinted from 


a American Society Naval Engineers, Vol. XLVII, No. 1, Feb. 
1935. 
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Fig .2—Pipe Assembly Consisting of 1 inch P. S. 1. 85 Red Brass Pipe and Silver 

Soldered to 125 Pound Brass Fitting. Tested under Hydrostatic Pressure of 4300 

Lb./Sq. In. When the Cap Failed and Then Pulled under Tension Showing Failure 
in Fitting and No Creep in Joint 


Navy Department on silver solder fittings. Other tests 
have been conducted which have thoroughly demon- 
strated that this method of making pipe joints will give 
such high strength that failure will occur in the pipe 
or the fitting. The strong leak-tight joints that can be 


produced by the use of silver solders on copper, nicke! 
brass and other non-ferrous compositions as well as on 
iron, steel and stainless steel pipes and fittings would 
appear to make this field one of great possibilities 
Although torch soldering has been applied in most 
cases where silver solders are used for joining pipes and 
fittings and electrical resistance method has been 
developed at the Bureau of Engineering of the Navy 
Department which shows great promise. A carbon 
block in the form of a ring is placed around the joint 
and by this means the effect of heating is localized and 
at the same time is most uniformly and accurately con 
trolled. : 

The more extended use of silver solder in the form of 
thin inserts or rings is another interesting development 
and as mentioned before these alloys are particularly 
adaptable for use in this type of joining because they can 
be so easily fabricated into the most desirable form or 
shape. As an example the use of silver solder washers 
for fastening spuds on hot water heating boilers has 
eliminated the difficulties experienced with other methods 
in fastening these spuds and because of the great strength 
of the joint it has overcome failures when soft solders 
were used. In this case a silver solder washer a few 
thousandths of an inch thick is placed between the 
boiler shell and the spud and the spud is held firmly 
against the boiler shell by suitable clamps. Again the 
combination of heating under pressure produces a very 
strong leak-tight joint. While there is nothing new in 
the use of silver solder inserts it is believed that the 
satisfactory results which could be obtained in many 
applications of what might be termed the insert method 
of silver soldering deserves consideration of those re- 
sponsible for the design of equipment. 

Articles are appearing more frequently in trade journals 
and magazines devoted to technical matters in which 
descriptions of these alloys and their uses are given. It 
would seem therefore that their field of usefulness will 
become increasingly enlarged as engineers become better 
acquainted with their properties and character of joints 
than can be made with them. 
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Resistance Welding of Dissimilar Metals 


By R. T. GILLETTE? 


HE joining of dissimilar metals by the resistance 
T wctaing method is assuming a very important rdle 

in the manufacture of many types of apparatus, par- 
ticularly in the electrical industry. 

Many of these combinations weld as readily as two 
pieces of steel, while others present more difficulty. 

Besides the variable factors—time, pressure, energy 
and resistance of parts—common to all resistance welding 
jobs, dissimilar metal combinations may also have the 
following variables. 

One piece may have low electrical resistance and the 
other high. 

There may be a wide difference in the melting point 
of the two or more pieces to be joined. 

The alloying characteristics of the combinations also 
have to be studied to determine if a tough ductile alloy 
or a weak brittle one will be formed in the weld. 


mm VY. FIs 
g ..... ED 


Fig. 1—Silver Contacts Welded to Brass, Copper, Bronze and Stee! 


The possibilities of corrosion in the joint due to elec- 
trolytic action should also be studied. 

These variables can be compensated for in several 
ways. 

As an example, suppose we have a combination of 
steel, a high resistance material, and copper, one of low 
resistance, to be spot welded together. It helps to give 
a balanced heating effect to use a copper or copper alloy 
point on the steel side and a point faced with 100 W 
elkonite or tungsten on the copper side, the copper in 
contact with the steel conducting away excessive heat 
and preventing the steel from burning or melting while 
the tungsten in contact with the copper helps to build 
up heat by its high resistance and prevent the heat built 
up from conducting away through the point. 

In butt welding a balanced heating effect between a 
high and a low resistance metal or a high and a low-melt- 
ing point metal or combinations of either, may be ob- 
tained by the amount the metal to be welded protrudes 
‘rom the welding clamps. 
| Again, using the copper-steel combination as an ex- 
ample, the copper would protrude perhaps double or 
a the distance from the clamps that the steel would. 

y doing this, both metals would be brought to the 
welding temperature at the same time. 

Room of the non-ferrous metals have a very short 
a range when compared with steel. Aluminum 
and its alloys are very good examples of this character- 


. ; 
1938 aper to be Presented at Annual Meeting, A.W.S., Cleveland, Ohio, Oct 


Welding Engineer, General Electric Co. 








Fig. 2—Miscellaneous Dissimilar Metal Welds 


istic. This requires very accurate control of the weld- 
ing times with high energy input and short units of time. 

Thyratron control gives us the most consistently ac 
curate time control available for resistance welding. 

The use of projection welding with dissimilar metals 
will often enable the engineer to design a weld between 
two radically different metals and still retain a weldable 
combination. 

No hard and fast rules can be laid down for this type 
of welding, but the factors affecting each job must be 
studied as a whole, taking into consideration resistance, 
melting point, plastic range, metallurgical character of 
alloy formed, shape and size of parts and any other fac 








Fig. 3—Monel Back Silver Contact Welded to Brass 
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tors affecting the assembly and design of parts. The 
type of machine used, control, and the shape and material 
of electrode parts must be also suitable for the particular 
job. 

When possible, it is good policy to make hand-made 
samples or models and actually weld them with as near 
as possible the production set-up before completing the 
final drawings, press dies and welding machine jigs and 
fixtures. By doing this, much better methods of making 
parts and tools are often suggested, and it is much cheaper 
to make changes in design on paper than after all tools 
and fixtures are completed. 

Up-to-date equipment as nearly automatic as possible 
with plenty of transformer capacity and thyratron con- 
trol is essential. In making welds of this type the hu- 
man element should be eliminated on all timing and 
mechanical operations where accuracy is required and 
a product of consistently good quality is required. 

A few examples of dissimilar metal welds might be of 
interest. 





Fig. 4—Developmental Welding Equipment with Thyratron Control 


The lead in wires for incandescent lamps consist of a 
piece of copper, a piece of Dumet and a piece of nickel. 
If you consider the number of incandescent lamps made 
per year and multiply by two, you have quite a sizeable 
production. The machines for welding these leads are 
fully automatic and operate at very high speeds. 

In radio and vacuum tube work we have many com- 
binations such as molybdenum to nickel, fernico to steel, 
molybdenum, tungsten and copper to nickel and many 
others. 

In making control parts we also use many combina- 
tions like phosphor bronze to steel, copper, silver, nickel, 
nichrome and others, copper to brass, and any combina- 
tion of the above. 

In one place we weld a monel backed silver contact 
to a flat brass or other metal spring or bar. This is 
done on a bench type press welder. The contacts have 
a dome shaped projection on the monel side and weld 
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Fig. 5—Copper to Aluminum Butt Welds with Tensile and Free Bend Specimens 


direct to plain, tinned or cadmium plated brass, phos- 
phor bronze, steel or copper. 

This machine is equipped with thyratron control and 
the weld is made in 1 cycle on 60-cycle power. 

The current value at the electrode points is approxi 
mately 11,800 amps. 

It is also equipped with tubular automatic feeds for 
the contacts, and dial feed mechanism to carry th 
springs or bars which are placed manually. 

This machine will weld two contacts with each stroke 
of the machine as fast as the operator can load the parts. 

We have one particularly interesting dissimilar meta! 
welding job. In order to reduce weight, the coils on 
some large size revolving electrical equipment were 
wound of aluminum. It was necessary to put a coppe! 





Fig. 6—Equipment Used for Butt Welding Copper to Aluminum 
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Fig. 9 (Top)}—Poor Weld—Copper to Aluminum 
Fig. 10 (Bottom)—Good Weld—Copper to Aluminum 
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Figs. 7 and 8—Equipment Used for Butt Welding Copper to Aluminum 


end on these coils to make a permanent low resistance 
mechanical connection between coils and for the end 
terminals as mechanical connections between aluminum 
and other metals sometimes built up oxide and become 
high resistance causing the joint to heat and finally fail. 

Soldering this joint was not practical as the aluminum 
solders are subject to electrolytic corrosion so our only 
alternative was welding. A study of this joint from a 
metallurgical standpoint shows us that except for a few 
per cent on either end of the alloy range, the copper 
aluminum alloys are brittle. This excludes fusion weld- 
ing, leaving resistance butt welding as the most likely 
to be satisfactory, but if alloys are formed, they are 
brittle and must be kept from the weld if it is to be satis 
factory. 

The following procedure was worked out experimen 
tally: 

Aluminum melts lower than copper and has more re 
sistance so the aluminum was clamped in the butt welder 
with */s inch protruding from the dies and the copper 
7/sinch. This was determined by trial. 

Then starting with relatively low pressure until the 
proper temperature is reached and using relatively high 
pressure to push up the weld, a very satisfactory joint 
was made, the high pressure extruding all or nearly all 
of the alloy from the joint. 

If high pressure is used at the start of the weld, the 
aluminum upsets before a sufficiently high temperature 
is reached for it to weld. If low pressure is used from 
the start to the finish of the weld, a thick layer of alloy 
is formed and the joint is brittle. 

The accompanying photos show the special equipment 
developed to make these welds from the data obtained in 
doing it experimentally, also micro and macro graphs of 
satisfactory welds. This joint is also free from electro- 
lytic corrosion. 

A dissimilar metal seam welding job may also be of 
interest. 

This diaphragm is made from an Everdur channel and 
two Monel disks and is about 12 inches in diameter. 
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Fig’ 11—Monel to Everdur Weld 
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The welding was done on a standard seam welder wit) 
an extra welding wheel mounted between the two regular 
wheels in a horizontal position, the thickness of this whee! 
being the same as the inside of the channel. 

This horizontal wheel keeps the Everdur channel from 
crushing while both seams were welded at the same time 
in series using a Thyratron interrupter. 

In conclusion, I think it is safe to say that any com 
bination of metals or alloys can be welded by the resis 
tance method, provided the proper combinations of fac. 
tors that control the particular weld to be made can be 
found. 

In fact, a combination of two metals that could no: 
be welded under any condition would be very valuable 
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Circuit Characteristics and Arc Stability 


By S. C. OSBORNE? 


not be denied, but the term has been so generally 

misused, that it has become a veritable ‘‘Will-o- 
the-wisp”’ of the advertising fraternity. No two people 
use it in just the same way and almost every character- 
istic of any source of power or any electrode is said to 
produce it. Much of the confusion which surrounds 
arc stability is due to the prevalent practice of judging it 
by direct observation. Each observer looks for some- 
thing different:—It’s smooth; it’s soft; it feels good; 
it’s flexible; it’s easy to hold; it crackles; it’s wild; the 
blow is bad; in the end they are much like the three 
blind men examining the elephant. Also they are not 
consistent with themselves. This has been proved any 
number of times by the so-called ‘Blindfold Test,’’ 
wherein a number of operators are asked to pick out the 
best of a number of welding machines, by welding with 
them in irregular rotation, but without knowing which 
machine he is using. 

This difficulty in determining arc stability and welding 
characteristics by direct observation is recognized by a 
number of consumer specifications, wherein attempts are 
made to determine welding characteristics by other 
tests, namely, static volt-ampere curves, and oscillo- 


T v0 importance of arc stability in arc welding can- 
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graph tests of transient conditions. Tests are, of course, 
specified to determine electrical efficiency, power factor, 
operating temperatures, etc., but in this paper we are 
principally concerned with such tests as are indicative 
of arch stability and welding performance. 


The static volt-ampere curves are obtained by con- 
necting the terminals of the welding generator or trans- 
former to a non-inductive variable resistance load, and 
recording the voltage and current values as the load in 
varied. In Fig. 1, we have shown two typical sets of 
volt-ampere curves. The group of curves on the left 
hand side are typical of the shunt or separately excited 
type of generators. The group on the right are typical 
of the series excited cross field type of machine. There 
are three points in the volt-ampere curves which we 
should like to specifically designate at this time, so that 
we may refer to them later in this paper. First is the 
open circuit voltage point. Next is the maximum static 
voltage which is the highest voltage on each volt-ampere 
curve. It will be noted that for the shunt type of genera- 
tor, this point corresponds with the open circuit voltage 
point, whereas for the series excited cross field type of 
generator, it is considerably higher than the open cir- 
cuit voltage. The third point which I should like to 
designate is the static short circuit current at zero volt- 
age. We might mention here that the volt-ampere 
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curves of the average transformer or AC welding gener- 
ator are very similar to those of the shunt type of DC 
generator. 

There are several methods of determining transient 
characteristics by means of oscillograph tests. We will 
refer to them as tests A, B and C. In any case two 
oscillograph elements are connected to record the output 
current and terminal voltage of the welding generator 
or transformer, and a third is connected to record an 
AC wave of known and constant frequency as a time 
index. 

Test A:—The most obvious method is, of course, to 
record the voltage and current transients which occur 
while welding. See Fig. 2. This method has, however, 
several drawbacks. First, the results are considerably 
influenced both by the characteristics of the electrode and 
the ability of the operator. Second, if oscillograph 
records of this kind are to be comparable, they must be 
made under identical conditions. This method is 
therefore not generally used in specifications, but is ex- 
tremely valuable as a laboratory method for studying 
both machine performance and electrode characteristics. 
Records of this kind, if carefully made, can, of course, 
be used for comparison when the conditions of the test 
are carefully controlled. 

Test B:—The most frequently specified method con- 
sists of: first, recording the open circuit voltage; second, 
the transient which occurs when the terminals of the 
machine are short circuited by a contactor; third, after 
the voltage and current have become stable, the tran- 
sients which occur on opening the short circuit to a re- 
sistance load, which has been previously adjusted to be 
equivalent to an are as to voltage and current. See 
Figure 3. A number of such tests are made for various 
current and arc voltage values within the range of adjust- 
ment of the welding machine. The important points 
upon which limits are placed are the short circuit surge, 
the dip after opening a short circuit, and the time of re- 
covery, which is defined as the lapse of time from open- 
ing the short circuit until the current and voltage are 
within five per cent of their final value. 

Test C:—A study of oscillograph records made under 
actual welding conditions, shows that the average dura- 
tion of a short circuit caused by a globule of metal 
crossing the arc is about one cycle of 60 cycle alternat- 
ing current. This suggests a third method of oscillo- 
graph test, which consists of connecting a resistance load 
i. “High Pressure Arc,"’ General Electric Review, April, 1936.—C. G. Suits 


to the terminals of the welding machine and adjusting the 
load to be equivalent with an arc as to voltage and cur- 
rent. Then, while recording the voltage and current 
values, short circuit the terminals of the machine by 
means of a contactor just for one cycle. Very precise 
timing of the contactor is, of course, required but is quite 
possible with vacuum tube timers such as used for re- 
sistance welding. See Figure 4. This test has much to 
commend it, since it more closely duplicates actual weld- 
ing conditions than any oscillograph test yet proposed, 
in which an artificial load is used. It has the additional 
advantage over an actual welding test that since an 
artificial load is used, the conditions of test can be easily 
reproduced accurately. The oscillograms used as illus- 
tration in this article were made with a motor driven 
cam operated timer and thus the timing is slightly inac- 
curate. For this reason, we will not attempt in this 
paper to suggest limitations for the transients recorded. 

Arc Stability:—The conducting conditions in the arc 
and the resistance are dependent upon ionization of the 
gaseous medium. Ionization in turn, is dependent upon 
the applied voltage and the temperature. In a recent 
article Dr. Suits, of General Electric Company,* has 
shown that an equilibrium condition exists between the 
quantities of ionized and neutral particles in the arc 
stream, and this condition of equilibrium varies with the 
temperature. As the temperature rises, the proportion 
of ionized particles increases, the resistance decreases and 
less voltage is required for a given arc length. Dr. Suits 
also pointed out that the time constant for reestablish- 
ment of equilibrium after a disturbance is about 0.00! 
seconds. 

While it has been generally assumed that the tempera- 
ture of a direct current arc remains sensibly constant, 
oscillograms taken under welding conditions indicate 
that temperature variations of small magnitude do oc- 
cur. This is illustrated in Figure 2, as indicated by the 
high frequency saw-toothed ripple of ‘the voltage trace. 
Since this ripple is of about the same order of frequency 
as the equilibrium time constant, there is indication that 
the voltage variation is due to temperature fluctuation. 
The maximum temperature is, of course, limited by the 
boiling points of electrode and coating materials, and the 
gas pressure, but fluctuations may occur due to varia 
tions in the energy dissipated in the arc, or in the therma 
losses. The voltage across the arc is largely controlled 
by the arc length and the temperature, and cannot be 
controlled by the machine. The thermal losses are also 
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independent of the source of power supply. Thus, the 
only way the machine can limit temperature fluctuations, 
is to keep the current constant. Even with the best cur- 
ture control, some temperature variations will result 
from changes in the thermal losses. These cause resist- 
ance fluctuations and must be met by rapid voltage re- 
sponse in the arc circuit. : 

One of the most prominent specifications requiring 
oscillograph Test B states that the time of recovery shall 
not exceed 0.3 seconds. It is inconceivable that any gen- 
erator can have a time of recovery as determined by this 
test of less than 0.01 seconds. Since these changes occur 
so rapidly that it is impossible for the generated voltage 
to respond to them, the response must come from stored 
energy or reactance in series with the arc. Naturally a 
steep volt-ampere curve will aid in this respect, but a 
circuit having a steep curve with low series inductance 
will not give as good results as a flatter curve with high 
inductance. This is necessarily so, since with low induc- 
tance the current will also vary with changes in resistance. 

See Figs. 5, 6 and 7. Here we have tested two ma- 
chines having considerable different static volt-ampere 
and inductance characteristics. In Fig. 5, oscillograms 
made according to Tests A, B and C for the machine 
having a flat volt-ampere curve and high inductance are 
reproduced. While Fig. 6 shows similar oscillograms for 
a machine having a steep volt-ampere curve and low in- 
ductance. The static and transient volt-ampere curves 
of both mackines have been reproduced in Fig. 7. These 
tests were very carefully run with a view to making them 
comparable from one machine to the other. Slight differ- 
ences occur in the current values used for tests A, B and 
C, but Test A on one machine corresponds very closely 
with Test A on the other machine. This is also the case 
with Tests B and C. It will be noted that the current 
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transients of the machine of Fig. 5 having the high induc- 
tance are considerably less than those of the other ma- 
chine, in spite of the fact that the machine of Fig. 6 has 
a much steeper volt-ampere curve. In Fig. 7 we have 
plotted transient volt-ampere curves from values ob- 
tained in Test A on each machine. These show very 
clearly that the current transients of the machine having 
high inductance do not exceed the static volt-ampere 
curve; whereas the current transients of the machine 
with low inductance do considerably exceed the static 
volt-ampere curves. It should also be noted that the 
machine with the high inductance has a very long time 
of recovery according to Test B; whereas the other ma- 
chine recovers in about 2 cycles. 

In general, increasing the series inductance has a ten- 
dency to flatten the surges, as measured by Test B; 
decreasing their amplitude while increasing their dura- 
tion. The time constant of the circuit can, of course, 
be reduced by also increasing the resistance, but that 
will lower the electrical efficiency. It will also be noted, 
in Fig. 6, that the voltage and current traces for the dip 
are both of the same shape. This is due to the fact that 
both can be said to be the same transient, after the re 
sistance load is in the circuit. Since the element re- 
cording voltage is thus connected directly across the re- 
sistance load, it will vary in direct proportion to the 
current. As has been pointed out, under actual welding 
conditions short circuits are of such short duration that 
the voltage and current never reach static values. 
Thus Test B is not a good indication of arc performance 
or stability. It gives no indication of the surge to be ex- 
pected when a globule of metal short circuits the arc or 
of the subsequent voltage response, while Test C does. 
The time of recovery as measured by Test B is of little 
value. 
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We know very definitely that a source of power having 
a rising volt-ampere curve or a constant voltage curve 
will not produce stability and it is impossible to hold 
an arc. Due to the conducting conditions in an arc 
and their apparent negative resistance characteristic, 
the static volt-ampere curve of any source of power sup- 
plying an arc must be drooping in character and its slope 
in the voltage range of the arc will have a decided effect 
on arc stability. As has been pointed out, the slope of 
the static volt-ampere curve alone cannot be depended 
upon as an indication of are stability, since the transient 
may vary considerably from the static conditions; how- 
ever, we can quite definitely say that the slope of the 
static volt-ampere curve should be such that the short 
circuit current does not exceed the welding current by 
less than 10%. If the curve is too flat or if there is re- 
verse curvature, in the voltage range of the arc, the short 
circuit current will be too high relative to the welding 
current and will cause explosions of the globules of 
metal when they short circuit the arc. (By reverse 
curvature we mean concave upward or to the right. The 





normal curve in concave downward.) If on the other 
hand, the slope is too steep approaching the constant 
current or undercuts, this will cause instability. (By 
undercutting, we mean that the short circuit current al 
zero voltage is less than the welding current at a voltage 
within the welding range.) This condition causes 1- 
stability because the current increases when breaking 4 
short circuit, rather than decreases. Thus, the voltage 
kick from the circuit inductance is then negative instead 
of positive, and tends to keep the voltage from rising 4 
it must-in order to reignite the arc. 

There are a number of other performance character's 

tics which are desirable in addition to arc stability. 
We would list them as follows: 

1. The are must be easy to strike. 

2. The arc must break clean and not draw out to grea! 
length when changing electrodes or finishing 4 
seam. It should not be too tenacious. _ 

3. It must provide satisfactory penetration. Too 
little penetration will result in lack of fusion os 
too great penetration, wastes power, decreases te 
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of welding and may also cause an inferior 
weld due to contamination of the weld metal by 
impurities from the parent metal. 
The electrode should not stick to the work in nor- 
mal operation. 
It should be possible, by manipulation, to direct 
the arc as to mechanical position, and control 
distribution and quantity of heat. 

6. Splatter should not be excessive. 

There are undoubtedly other factors than those listed 
which are desirable, but we believe that the above list 
covers the most important points. We will now con- 
sider them briefly. 

1. Striking the Arc:—The general procedure is to 
first touch the electrode to the work and then draw it 
away to form an arc. The arc is thus always started 
from short circuit and the open circuit voltage has very 
little to do with the ease with which the are can be struck. 
Some authorities have maintained that a high open cir- 


cuit voltage is desirable to aid in establishing contact 
between the electrode and the work. They say that this 
is particularly true where the work is dirty or covered 
with scale, oil or paint. This statement does not hold 
water when we consider that any voltage sufficient to 
puncture scale, oil or paint would not be safe for the 
operator to handle. These obstructing surface coverings 
must be removed, or penetrated mechanically by scratch- 
ing the electrode through them down to base metal. 
They should be removed anyway to avoid contamination 
of the weld metal. It has been found, however, that the 
open circuit voltage should be at least equal to the arc 
voltage. If this is not the case, the short circuit current 
may build up so slowly as to cause trouble in establishing 
an arc when the electrode is drawn away from the work. 

During short circuit, the voltage at the terminals of 
the welding machine is reduced to a very low value, equiva- 
lent only to the voltage drop in the cables and the elec- 
trode. This will amount to only 3 to 5 volts. As the 





54 THE WELDING JOURNAL 


electrode is drawn away from the work, the voltage must 
build up rapidly to that of the arc and frequently to a 
value considerably above the final arc voltage. While 
the maximum static voltage of the volt-ampere curve 
will give some indication of the machine's ability to sup- 
ply the necessary rapid voltage increase, it is not an 
entirely dependable indication because the voltage must 
rise more rapidly than it is possible for the machine to 
increase its generated voltage. This rapid voltage in- 
crease must be supplied from stored energy in the welding 
circuit. Oscillograph tests are the only positive indica- 
tion of the machine’s capability in this respect, but the 
only real value of Test B is to determine the amplitude 
of the current surge from open circuit to short circuit. 

2. Breaking the Arc:—-The maximum static voltage 
of the volt-ampere curve gives no indication of arc sta- 
bility. It is, however, an indication of the maximum 
steady voltage available and thus influences the maxi- 
mum length to which the arc may be drawn out before 
breaking. The maximum voltage at which an arc could 
be maintained with a given circuit is the point at which 
the volt-ampere curve of the circuit is tangent to the volt- 
ampere curve of the arc.* When the volt-ampere curve 
of the circuit is a straight line from open circuit to short 
circuit, this tangent point occurs at approximately */, 
of the maximum circuit voltage. Since the volt-ampere 
curves of most welding machines are not straight lines, 
this does not hold in all cases, but it provided a fair ap- 
proximation. Another variable influencing the rela- 
tionship between maximum arc voltage and maximum 
static voltage is the shape of the volt-ampere curve of 
the arc. Thus, it is possible to hold a much longer arc 
with a carbon electrode than with a metallic electrode 
with the same welding current. 

* “Theory and Calculations of Electric Circuits,’’ Dr. C. P. Sitenmetz. 
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If the maximum static voltage is very high, the arc 
will draw out to great length and be extremely difficy}t 
to break. This is a great nuisance to the operator since 
the arc never breaks clean and will almost invariably 
mar the work wherever it is broken. In close quarters 
it has a further tendency to flip up to the side walls mak. 
ing the arc unstable and difficult to control. 

3. Penetration:—The relationship between penetra- 
tion and circuit characteristics is not clearly understood, 
but apparently the current surge which occurs when a 
globule of metal short circuits the are has considerable 
influence on the depth of fusion in the parent metal, 
This in turn is influenced by both the slope of the volt 
ampere curve and the circuit inductance. Since these 
short circuits are of extremely short duration, the induc. 
tance has more influence than the shape of the volt- 
ampere curve. This is shown in Figs. 5, 6 and 7 above. 
We believe, therefore, that further investigation with the 
one-cycle oscillograph test (Test C) will establish a defi- 
nite relationship between penetration and the current 
surge as determined by this test. Since the short circuit 
current surge, as determined by Test B, occurs only 
when initially striking the arc that test is not directly 
indicative of penetration. 

4. Sticking:—Any operator who has welded with a 
variety of machines has at one time or other experienced 
difficulty with the electrode sticking to the work when 
striking the arc. This may be due to a fault in either the 
electrode or the machine and is sometimes caused by a 
dirty surface on the work being welded. It seldom oc- 
curs, however, on the first strike unless, of course, the 
electrode is purposely or accidentally held in contact with 
the work for an excessive period of time. It most gener- 
ally occurs when the arc fails to ignite quickly, thus mak- 
ing repeated contact between the electrode and the work 





Fig. 7 
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necessary. After a few false starts, a ball of red hot 
metal forms, on the end of the electrode, which readily 
sticks to the work. It has been suggested that this 
condition is related to the area under the short circuit 
surge expressed in ampere seconds. It is not likely, 
however, that either the magnitude or the duration of the 
short circuit have much influence on sticking. The 
circumstances as outlined above, under which sticking 
most frequently occurs, indicates that it is the result of 
failure of the machine to build up its voltage rapidly 
enough to establish the arc when the electrode is suddenly 
drawn away from the work. 

5. Control:—For good welding, the operator must be 
able to direct the arc where he wishes to weld and control 
the heat of the are. Arc blow may be caused by thermal 
conditions not in any way influenced by the machine, or 
it may be due to magnetic conditions. While magnetic 
conditions cannot be directly controlled by the machine, 
arc blow due to this cause can be greatly aggravated by 
current variation. As an example, suppose you are di- 
recting the stream of water from a garden hose at right 
angles to the wind. If the wind is steady, no difficulty 
will be experienced in making the water go where you 
want it to; however, if the wind comes in sudden puffs, 
or the flow of water fluctuates, it is almost impossible to 
direct the stream. Similarly, when current surges occur, 
the are flips violently and this flipping is proportional to 
the magnitude of the surge. If the arc has a tendency to 
draw out to great length it becomes extremely difficult 
to manage whenever arc blow conditions exist since a 
long are is more susceptible to magnetic blow. 

Most operators control the heat of the arc by manipula- 
tion of the electrode, thus directing the arc heat where it 
is required. Any flipping or drawing out of the arc is 
a great handicap in this respect. Another method fre- 


Silver Dippingvs. Soft Soldering 


By GEORGE A. BANGERT* 


HE use of lead tin solder (so-called soft solder) in 

making joints of copper wires such as stranded 
_ leads to conductors has been the standard practice 
lor many years in the electrical industry. This method 
becomes difficult and costly if the diameter of one or 
both of the wires is 0.007 inch or smaller. The recent 
increased use of enameled wire has added further com- 
plications to the above method. 

Before any soft soldering can be done the enamel film 
must be removed from the wire to insure a sound joint. 
lhe usual procedure is to remove the enamel film with 
a fine grade of sand paper. This sanding results in a 
reduction of the wire size and offers the additional hazard 
of breaking of the fine wires during the sanding operation. 

In order to keep the wire breakage to a minimum, 
operators usually require about a week of training before 
they have acquired the necessary touch for this sanding 
operation, 

When joints are made by dipping in the molten soft 
solder the reduction in wire size due to the absorption 
of copper in the solder bath may result in open joints 
alter the unit is in service for only a short time. Many 
limes these open joints occur before the product leaves the 
manufacturer's plant. An additional hazard of the soft 
soldered joint is that in some cases the working tempera- 
ture of the device is above the melting point of soft solder. 


* Man. . 
Manager, Miac Products Company, Fort Wayne, Ind. 
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quently used to control the arc heat, particularly on thin 
metals, is to push the end of the electrode periodically 
into the molten pool, practically short-circuiting it 
The electrode must, of course, be quickly withdrawn to 
avoid sticking, but it is a most effective means of prevent- 
ing burning through. This procedure cannot be used 
if a heavy current surge occurs when the arc is thus 
shortened or if the voltage fails to build up rapidly when 
the electrode is again drawn away. 

6. Splatter:—Splatter is to a large extent dependent 
upon the nature of the electrode, since the coating greatly 
influences the surface tension, cohesion and adhesion 
of the molten metal. Heavy current surges, however, 
do have a tendency to increase splatter, since they fre- 
quently cause the globules of molten metal to explode 
in transfer across the arc. This condition may be likened 
to the explosion of fuse wire when a heavy overload occurs. 

Conclustons:—A highly reactive circuit is most desir- 
able for arc welding, since current surges must be kept 
within reasonable limits and rapid voltage response is 
absolutely essential. These conditions are best indi- 
cated by oscillographs of actual welding or by the one 
cycle test. The present most prevalent method of oscil- 
lograph test (Test B) is of little value to determine arc 
performance or stability, and the time of recovery meas 
ured by this test means nothing. 

Static volt-ampere curves are of great value when used 
in conjunction with adequate oscillograph tests. Their 
slope should be such that the short circuit current does 
not exceed the welding current by more than 100% nor 
less than 10%. Under no circumstance should reverse 
curvature be tolerated. The maximum static voltage 
should never exceed 85 to 90 volts nor be less than 50. 
The open circuit voltage should always be at least equal 
to the arc voltage. 


In order to improve the quality of joints, eliminate 
the above-mentioned hazard and reduce the manufactur 
ing losses, steps were taken to develop suitable apparatus 
to silver solder these joints. 

This resulted in the development of an electrically 
heated crucible which was insulated to the extent that 
radiation to the outside was practically nil. The design 
of this electrically heated furnace permits easy and ac- 
curate control of the temperature, thereby eliminating 
overheating of the silver solder. The temperature of 
the silver solder is carried somewhat higher than its 
flow point, approximately 1600° F. 

In the preparation of the joint for silver dipping there 
are two advantages over the soft solder procedure. The 
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joint can be made shorter, that is, fewer number of turns 
of the conductor around the lead wire. The sanding 
operation is eliminated because the high temperature of 
the silver solder bath carbonizes the enamel and the 
carbonized enamel is carried away from the work by 
the flux. Occasionally it is necessary to clean the crucible 
in order to remove the carbonized enamel which 
settles to the bottom. The silver solder can be 
reclaimed. 

Borax has been found to be satisfactory as a flux. The 
surface of the silver solder should be covered by a thin 
film of this flux to prevent surface oxidation. 

The braze is made by dipping the joint first in the 
molten silver solder, then in the powdered borax and 
finally back in the silver solder. The first dip in the 
silver solder is to preheat the joint which tends to 
carbonize the enamel and also causes the borax to adhere. 
This method gives the best fluxing to produce sound 
joints. Dipping the joint to approximately '/s; inch 
depth is sufficient for good brazing. This method pro- 
duces a stable silver soldered joint, eliminates sanding 


October 


of enamel, reduction of wire size and wire breakage 

The unit is so designed that it may be mounted flys) 
with the surface of the bench making it very convenient 
for work handling. 

An hour of instruction is sufficient to enable an opera 
tor to produce perfect joints. 

A summary of the benefits of the silver soldered dipped 
joint over the soft soldered joint shows lower cost per 
joint, lower factory and field rejects due to open joints 
The joints are able to withstand higher operating tem. 
peratures. 

Although the above is relative to joints of enameled 
and bare copper wire, any metal that can be silver sol- 
dered and where the joint design permits can be soldered 
by this dip method. The limitations will be governed by 
the joint size. On No. 16 gage wire and larger it js 
advisable to preheat in a small gas flame before dipping 
in the silver solder. This preheat reduces the length of 
time the joint must remain in the silver solder. This js 
especially important when insulation is adjacent which 
will burn or char. 


Recent Practice in Fusion Welded Boiler Drums 


By D. S. JACOBUS* 


general use for so short a time that all of them 

represent recent practice. 

Rules for the fusion welding of drums or shells of 
power boilers were formulated by the Boiler Code Com- 
mittee of The American Society of Mechanical Engineers 
and adopted by the Society in June 1931. Since that 
time, the art has advanced so rapidly that practically 
all new boiler drums made in this country for high-pres- 
sure and high-duty service are now fusion welded. Prior 
to 1931, the Code contained a provision that fusion 
welding, which was originally called autogenous welding, 
should not be used except where the stress was carried 
by other construction meeting the requirements of the 
Code, which limited its use in boiler drums to seal weld- 
ing. The term ‘fusion welding’ was first used by the 
Boiler Code Committee in a program which listed 
certain matters for discussion at a hearing, and those 
interested proposed that its name be changed to Fusion 
Welding, which was done by the Boiler Code Committee. 

In March 1920 the Council of the American Society 
of Mechanical Engineers requested the AMERICAN 
Wetpinc Society and the American Society of Re- 
frigerating Engineers to appoint committees to cooperate 
with the Boiler Code Committee in preparing rules 

overing fusion welding. A public hearing was held 
December 5, 1921, at which a tentative code was re- 
viewed. There were a number of hearings at which radi- 
al difference of opinion developed between the different 
interests and no general agreement could be reached for 
the guidance of the Committee. Tests made at the 
Bureau of Standards, the results of which were published 
in the May 1923 issue of the JouRNAL of the AMERICAN 
Wetpinc Society, were a most useful contribution. In 
1927 certain rules were issued by the Boiler Code Com- 
mittee for the fusion welding of unfired pressure vessels. 
These rules were limited in their application and specified 
low working stresses for the fusion-welded joints. The 


Br general use for 20 boiler drums have been in 


* Presented at Round Table Conference of Third World Power Conference, 
held in Philadelphia, Pa... Sept. 24, 1926 
The Babeock & Wilcox Company 


Advisory Engineer 


Boiler Code Committee was pressed harder and harder 
in an effort to obtain more liberal rules. The American 
WELDING Society cooperated with the Boiler Code 
Committee in recommending a second series of tests to 
be made at the Bureau of Standards in Washington, 
for the purpose of convincing the Boiler Code Com 
mittee that fusion welding could be used with safety 
for such purposes as the main joints in drums of power 
boilers. The proposed tests included so-called breathing 
tests, where the vessels were to be subjected to repeated 
pressures. After agreeing on the tests to be made at 
the Bureau of Standards, it was found to be impossible 
to obtain the necessary subscriptions to defray the 
expense, and the project was abandoned. 

The Babcock & Wilcox Company then decided to 
make an investigation, to develop the possibilities ol 
fusion welding. Tests were conducted at its plant in 
Barberton, Ohio, under the direction of Professor H. F. 
Moore of the University of Illinois. A preliminary 
report was published in The Iron Age of September 5, 
1929, and the complete results presented to the A. S. M_E. 
in June 1930. The tests were made at repeated pres 
sures on forged, riveted and welded drums, and demon- 
strated the dependability of properly made fusion welds. 


It was evident that some means should be employed 
to determine the soundness of the welds. Magnetic 
methods to show the presence of discontinuity in the 
material were tested and were found not to be all that 
was desired. Through the cooperation of the General 
Electric Company, a sturdily built X-ray tube of 200,000 
volts capacity became available, in 1929, which per 
mitted the examination of joints in steel plates up 0 ° 
inches thick. It was found that defective areas, such 4s 
entrapped slag, zones of lack of fusion, cracks and gas 
pockets could be best detected by the X-ray method 
In the year 1930, welded construction for boiler drums 
was permitted by the Bureau of Engineering of the U.». 
Navy, the specifications for such drums requiring the 
X-ray non-destructive test, and a number of steam 4m 
water drums for boilers for marine service were construc 
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structed by The Babcock & Wilcox Company for the 
U. S. Navy. : } 

In 1930, the Boiler Code Committee published pro- 
osed specifications for the fusion welding of drums or 
shells of power boilers and, shortly thereafter, a com- 
plete revision of the rules for fusion welding of unfired 
pressure vessels. In July 1931, the rules proposed by 
the Boiler Code Committee were adopted by the Council 
of the American Society of Mechanical Engineers. 
Representatives of the AMERICAN WELDING SOcIEeTY, 
which cooperates with the Boiler Code Committee in 
all matters bearing on welding, and a number of others 
assisted the Boiler Code Committee in this work. 

The rules in the Boiler Code do not cover all parts 
of the boilers that might be fusion welded. A number 
of special rules are already incorporated in the Code, 
to which others are being continuously added in order 
to more fully cover all types of construction. 

It may seem marvelous that the practice in building 
boiler drums has changed so rapidly that the use of 
riveted drums has been practically abandoned within 
five or six years. The reason for this is that troubles 
were experienced in leakage of riveted drums with the 
thick plates required at the higher pressures and the 
tendency of the riveted seams to crack because of caustic 
embrittlement. Again, certain features may be embodied 
in welded drums which cannot be embodied in a riveted 
construction. For example, in a boiler drum having a 
thick tubesheet and a thinner wrapper sheet, which 
results in considerable weight saving, the cross-sectional 
symmetry where the two plates join can be maintained, 
because the center axis of both the thin and thick plates 
can be made to come on the same circle. The junction 
between the thick and thin plates is tapered to eliminate 
sudden changes in section, which would create local high 
stresses. The use of a wrapper sheet thinner than the 
tubesheet permits a design for high pressures while 
keeping the thickness of the weld within the range of 
accurate and rapid X-ray examination. The avoidance 
of stresses due to lack of alignment is being given more 
attention than in the past, and butt welds are often used 
for outlet connections as well as methods of reinforcing 
manholes and other openings to obtain the best uniform 
stress distribution. 

In the fabrication of the Boulder Dam header pipes 
and penstocks, the reinforcement around openings was 
designed from stress analyses made upon model pipe 
sections, and determinations made of the thickness and 
contour of the reinforcing pads, to give the most uniform 
stress distribution. Such reinforcements vary greatly 
from those prescribed by the A. S. M. E. Boiler Code 
and other construction codes. Eventually the best 
lorm will, no doubt, be developed, and as this form 
would not be applicable to a riveted drum, it shows the 
advantage and the possibilities of fusion welding. 

_In formulating the rules in the A. S. M. E. Boiler 
Code for fusion welding, every precaution was taken to 
secure safety, and all welds are required to be stress 
relieved at a temperature of from 1100 to 1200 deg. 
fahr., for a period proportioned on the basis of at least 
one hour per inch of thickness. This eliminates a trouble- 
some element involved in the A. S. M. E. Unfired Pres- 
sure Vessel Code and in other codes covering unfired 
Pressure vessels, such as the Joint A. P. I.-A. S. M. E. 
Code for Petroleum Liquids and Gases, which sanction 
the building of certain vessels without stress-relief and 
makes it necessary to provide rules to cover the vessels 
that need not be stress-relieved. 

Pe method of examination of welded joints by means 

1 the X-ray has been a major factor in securing safety 
and in establishing confidence in the use of welded boiler 





drums. Considerable development has been made in 
X-ray apparatus and technique, and equipment is now 
available for operation at 400,000 volts which makes 
possible the examination of thicknesses up to 5 inches. 

The use of magnetic testing has grown in importance 
and has become a valuable supplement to X-ray in 
spection. The method most simply applied is that in 
which a magnetic field is set up by passing a current 
through the material and detecting the areas of higher 
magnetic intensity by use of a paramagnetic powder, 
such as iron particles, dusted over the area. For example, 
a crack within the magnetic field results in a zone of 
high magnetic intensity, and fine iron particles will 
concentrate at this point. This procedure is simple, 
inexpensive, and is reliable for revealing even very fine 
cracks on the surface. This makes the method an ex- 
cellent supplement to X-ray examination, since fine 
cracks are the most difficult defects to reveal by X-ray 
examination. This method also has the advantage of 
being readily applied for inspecting welds where the 
nature of the design does not permit X-ray exami- 
nation. 

There are at least 40 X-ray equipments in this country 
which are used for the examination of welded joints. 
Data from eleven companies show that approximately 
7000 boiler drums and pressure vessels have been fabri- 
cated in which the main joints were X-rayed, representing 
800,000 linear feet of welded joints in shell plates up to 
4’/y inches in thickness. In the Boulder Dam project, 
270,000 feet of film was used for the examination of the 
joints in the welded penstocks. 

The use of higher-tensile plate, particularly for high 
pressure boilers, has been rapidly increasing. Plate of 
55,000 pounds per sq. in. minimum tensile strength has 
long been the standard for stationary boiler construction, 
but now a large amount of plate is being used with a 
minimum tensile strength of 70,000 pounds per sq 
in. This steel is an open-hearth, silicon-killed steel 
with slightly increased carbon content. A weight saving 
of a little over 25 per cent may be obtained, which is of 
considerable advantage in boiler drums of high-pressure 
design. In addition to savings in weight, the reduced 
thickness of the high-tensile plate requires a correspond 
ing smaller amount of weld metal to be deposited and 
allows more rapid and more accurate X-ray examination 
of the welds. 

With the use of the higher-tensile plate, it was neces 
sary to develop a welding electrode from which the 
deposited metal would have a minimum tensile strength 
of 70,000 pounds per sq. in. after stress relieving at 
1150° F., and still meet the Code elongation requirement 
of a minimum of 20 per cent in 2inches. Manufacturers 
have been successful in developing such electrodes, giving 
the higher-tensile strength without sacrificing ductility, 
and have established procedures for welding this higher- 
strength plate without difficulty. Over 50,000 tons of 
this high-tensile plate, including that used in the Boulder 
Dam penstocks, which are as large as 30 ft. diameter 
with a shell thickness of 2*/, inches has been successfully 
welded by The Babcock & Wilcox Co. 

We are proud of the developments in the use of fusion 
welding which have been made in this country. This 
has not blinded us to the fact that there is much we 
have still to learn. Many are working in an endeavor 
to advance the art through research in the laboratory, 
shop and field. While it is hoped that more complete 
and inclusive rules will be available shortly, we should 
make sure that there is no undue haste, in order that all 
of the elements may be considered. Above all, we 
should make sure that the rules are based on scientific 
data and facts which show them to be safe. 
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Welding Design 


By CHARLES H. JENNINGS,' EAST PITTSBURGH, PA. 


Although welding has been extensively used in the 
fabrication of engineering structures for a number of 
years, there is still a decided lack of knowledge among 
engineers concerning the fundamental factors governing 
a satisfactory design. In addition, there is a lack of agree- 
ment among designers as to the methods of calculating 
weld stresses and the correct working stresses to employ 
for different types of joints. This article contains a dis- 
cussion of a number of variables such as the selection of 
the proper joint, the calculation of weld stresses, the deter- 
mination of working stresses and safety factors, and the 
important features governing a good welded design. 

An analysis is made between butt and fillet welds in an 
effort to assist the designer in the selection of the proper 
type. Theoretical and practical aspects such as stress 
concentrations resulting from discontinuities in form, 
fabrication difficulties, welding costs, and distortion prob- 
lems are considered. 

The calculation of weld stresses in different types of 


HE APPLICATION of welding to the fabrication of engi- 
[me structures and equipment presents a great many 
problems to the designer. Some of these problems are the 
result of the inherent properties of the deposited metal and the 
characteristic shape of certain welded joints while others are the 
result of the designers’ efforts to create new and economical designs. 
Although many of the problems encountered are still unsolved 
and require a great deal of further research, the vast amount of 
data and experience which have been accumulated are sufficient 
to design rationally all types of welded structures and machines. 
To design a welded structure properly it is important that the 
designer be thoroughly familiar with the following items: (1) 
Methods of calculating weld stresses, (2) allowable working 
stresses, (3) physical characteristics of parent and weld metals, 
(4) fabrication problems, and (5) inspection and testing facilities. 
A welded design may be satisfactory from the standpoint of 
strength but entirely unsatisfactory from the standpoint of 
materials and fabrication. 

A careful analysis should be made of each structure to insure 
that it can be fabricated economically. Welds must be designed 
and located so as to keep distortion of the finished product to a 
minimum. Rigid joints should be eliminated as much as possible 


1 Engineer in charge of welding research, Westinghouse Research 
Laboratories. Jun. A.S.M.E. and Assoc-Mem. American Welding So- 
ciety. Mr. Jennings was graduated from the mechanical engineering 
department of Iowa State College in 1928 with the degree of bachelor 
of science in mechanical engineering. He entered the graduate stu- 
dent course of the Westinghouse Electric & Manufacturing Company 
in 1928 and in 1929 became connected with the mechanics division 
of the research laboratories. In 1936 he was transferred to the 
chemical and metallurgical division of the research laboratories and 
appointed to his present position. 

Contributed for presentation at the Welding-Practice Symposium 
sponsored jointly by Tue AMeRICAN SocieTy OF MECHANICAL 
ENGINEERS and The American Welding Society and held at Cleve- 
land, Ohio, October 22 and 23, 1936. 

Discussion of this paper should be addressed to the Secretary, 
A.8S.M.E., 29 West 39th Street, New York, N. Y., and will be ac- 
cepted until December 10, 1936, for publication at a later date. 
Discussion received after the closing date will be returned. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


joints is discussed and suitable formulas recommended 
on the basis of their agreement with test results, and their 
general applicability and acceptance in present design 
practice. 

Working stresses and safety factors for butt and fillet 
welds are determined on the basis of static and dynamic 
tests. A table of recommended working stresses for bare 
and coated-electrode welds subjected to all types of loading 
is given to assist the designer. This table is based upon 
joints made on ordinary low-carbon structural steel. 

A number of important design features that are essentia| 
in the design of economical welded structures are given. 
These features include the recommended minimum size 
of fillet welds for given plate thicknesses, the application 
of intermittent welds in design, and the influence of joint 
design on the economical fabrication of butt joints. 

An appendix is attached which contains a number of 
typical welded-joint designs with the corresponding recom- 
mended formulas for calculating the stresses. 


to prevent the development of excessive residual stresses which 
might cause cracked welds during fabrication or ultimate failure 
in service. 

The choice between butt and fillet welds is subject to much 
controversy although when properly designed and fabricated 
each has definite advantages and each is entirely satisfactory 
The choice of materials and filler material will vary greatly for 
different products and will depend largely upon the service 
conditions, the designer’s knowledge of the weldability of ma- 
terials, and the fabricating facilities available. In many cases 
two or more materials can be used for a given structure but the 
selection of the proper one will result in considerable saving in 
both fabrication and materials costs. 

It is the author’s intention to discuss how working stresses 
are determined for welds and to outline briefly the methods of 
calculating stresses resulting from static and dynamic loadings 
In addition, a number of rules covering important points of weld 
design will be given. 

No attempt will be made to discuss the problems of fabrication 
such as welding procedures, elimination of distortion, and choice 
of materials, although they are connected closely with the design 
of a successful structure. 


TypicaAL WELDED JOINTS 


In the design of welded structures there are two general type 
of welds used, butt welds and fillet welds (1).2 These welds 
may be used in making many types of joints such as ordinary but! 
and fillet joints between parallel plates, T joints between plates 
joining each other at an angle, corner joints, and joggled joints 
The proper selection between butt and fillet welds is of importance 
both from the standpoint of economics and the service life of 
the structure. Unfortunately, however, no set rule can be applie¢ 
for selecting the proper weld. 

Fillet welds in general require less preparation of the part 
preparatory to welding because the parts may be lapped or butted 
together without the necessity of spending a great deal of time” 
beveling or preparing the plate edges. If the plates are lapped 
it is not essential that their dimensions be held to close tolerance 


the 


2 Numbers in parentheses refer to Bibliography at the end of 
paper. 
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4 variation of '/, to '/, in. in the amount of overlap of the plates 
will have no effect upon the strength of the joint providing the 
minimum requirements for overlap are maintained. Also if 
this variation is not the result of abrupt changes it will be impos- 
sible to detect it in the appearance of the completed structure. 

In joints where the plates are butted at right angles to each 
other it is only necessary that the edge of the abutting plate be 
cut at right angles with the plate surface. This requires only a 
single cutting operation with the shear, cutting torch, or planer. 
The greatest problem encountered is to insure that the prepared 
edge is straight so that it will fit uniformly to the abutting plate. 
A space or gap between two abutting plates will reduce the 
effective size of the fillet welds and require that the weld size be 
increased by the amount of the gap. The increase in the size 
of a fillet weld caused by a gap between two plates may materially 
affect the amount of deposited metal required to make a weld of 
the required size. The percentage increase in the amount of 
weld metal required will be [a(2h + a)100]/h? where a represents 
the gap and A the required size of the weld. When making a 
\/-in. weld between two plates, a '/y-in. gap represents an 
increase of 26.6 per cent in the amount of weld metal that must 
be deposited. 

Butt welds in general require a better fit of the parts to be 
joined, and generally at least one of the butting edges is beveled* 
(thin plates excepted). Beveling of the plate edges is an added 
operation which must be considered in the cost of the structure. 

The presence of a gap larger than necessary between the parts to 
be welded will also materially increase the amount of metal that 
must be deposited. Butt welds have an advantage over fillet 
welds in this respect however, because they are easier to inspect. 
After a fillet weld is made it is impossible to determine the pres- 
ence of a gap between the parts by visual inspection; conse- 
quently, it is sometimes difficult to determine whether or not the 
weld is the correct size. This trouble is not encountered with 
butt welds because their particular design requires that the gap, 
if any, be entirely filled with weld metal. 

The inherent shape of a fillet weld is such that it produces 
abrupt changes in the contour of the sections and consequently 
develops points of stress concentration. These stress concentra- 
tions are most severe at the root and toe (1) of the weld. Con- 
siderable theoretical work has been done on the investigation of 
fillet welds by photoelastic methods to determine the amount of 
stress concentrations. Solakian (2) found the stress at the 
root of a fillet to be six to eight times that of the average stress 
intensity in the connecting plates while the stress at the toe of 
the weld was three to five times the average stress intensity in 
the connecting plates. These stress concentrations varied with 
the external shape of the fillets and the amount of penetration and 
undercut present. 

Butt welds in general have a more favorable form than fillet 
welds from the standpoint of irregularities which produce stress 
concentrations. A butt weld between parallel plates will pro- 
duce no stress concentration providing it is a sound homogeneous 
weld and all the reinforcement has been removed. In actual 
practice, however, this condition is seldom obtained because 
nearly all butt welds have some reinforcement and a few internal 
flaws such as minute gas holes. Coker (3) found by photoelastic 
ests that the reinforcement on butt welds would produce a stress- 
concentration factor of 2.0. Small drilled holes representing 
— also found to produce a stress-concentration factor 
of 2.0. 

_In cases where T joints are made between plates by using butt 


Pet are a number of welding processes being developed where 
4 veling of the plates is not required. These processes are still under 
evelopment and cannot be used in all types of structures, conse- 
‘uently, they will not be considered in this paper. 





welds, there is the possibility of obtaining high stress-concentra- 
tion factors at the junction of the plates. For fillet sizes of 
0.05 in., the theoretical stress-concentration factor (4) will ap- 
proach 2.5. 

Under actual conditions, however, these stress concentrations 
are not as severe as the theoretical values might indicate. Under 
static loadings stress concentrations have little or no adverse 
effect upon the strength of a structure. The ultimate strength of 
the structure will not be lowered but the ability of the joint to 
deform plastically will be decreased somewhat, thereby tending 
to produce a more brittle type of fracture should failure occur. 
This apparent decrease in ductility does not weaken the structure. 

In cases of dynamic loadings stress concentrations are of im- 
portance. Although from the data of Peterson and Wahl (4) 
it is evident that the actual reductions of fatigue strength for 
such cases of stress concentration as are applicable to welded 
joints are considerably less than photoelastic values. 

This condition is true for holes and for surface irregularities. 
In the case of very small holes, the type generally obtained in 
welds, the reduction of fatigue strength was found to be small 


, ‘ \ 
» \ 
yl , 
—% \ 





























x 





(b) 


Fic. 1 Drrecrions or SHRINKAGE WHEN A WELD CooLs 


Fatigue tests on welded joints, as will be discussed later, have 
given similar results. 

The fact that certain stress concentrations are present in 
welded joints should not be considered cause for preventing their 
use on structures subjected to dynamic loads. In the majority 
of welded structures subjected to dynamic loads, the complete 
loading consists of a combination of static and dynamic forces. 
The stress-concentration factor K resulting from the joint char- 
acteristics is applied only to the variable portion of the loading 
as shown in Fig. 17 and Equation [39], which will be discussed 
later. As a result, the increase in stress caused by the stress 
concentrations usually does not greatly increase the total stress 
on the joint. 

From the standpoint of fabrication problems, two important 
points must be considered when selecting between butt and fillet 
welds. 

Butt welds in general produce greater residual stresses. This 
fact has been proved experimentally and in production. 

The reason for higher stresses being developed by butt welds 
is primarily the result of their characteristic shape. When a 
section of deposited metal solidifies and cools it tends to shrink 
uniformly in all directions. Referring to Fig. la, contraction 
tends to occur along the zz, yy, and zz axes. The contraction 
along the yy axis may be disregarded because the deposited 
metal is free and unrestrained at the top. The contraction along 
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the xz axis tends to pull the plates together while the contraction Reviewing the foregoing discussion, it is evident that both butt 
along the zz axis tends to shorten the joint. Considering the and fillet welds have definite advantages and the proper selection 
contractions along the zz and zz axes, the latter is the more between them depends upon many factors. For a designer to 
serious. This fact is readily realized when it is borne in mind create the most satisfactory and economical structure it is es. 
that cracks in welds resulting from residual] stresses are always _ sential that all of these variables be carefully considered. 
parallel with the joint and not transverse as would be the case q 
if the stresses along the zz axis were the more severe. CALCULATION OF WELD STRESSES 

The degree of residual stress produced by the transverse con- The calculation of stresses in welds is of prime importance jy 
traction (along zz axis) is a function of the degree of fixity and connection with the design of every welded structure. Regard- 
the size of the plates. The reason such high stresses can be ob- less of this fact, there is a surprising lack of agreement among 
authorities, particularly with reference to fillet welds, as to the 
proper methods of analysis. This lack of agreement may be at- 
tributed primarily to the characteristic shape of fillet welds and 
the many attempts to account theoretically for the nonsym- 
metrical stress distribution and the secondary bending moments 
encountered. 

The object of this paper is not to give a highly theoretical analy- 
sis of the stresses in butt and fillet welds, but to discuss the com- 
monly used methods and illustrate their application in the desig: 
of all types of structures and joints. 

In the analysis of the following joints and connections t} 
following notations will be used: 


S = normal stress, lb per sq in. 

S, = unit shear, lb per sq in. 

M = bending moment, in-lb 

I = moment of inertia, inch units 

K = stress-concentration factors 

P = external load, lb 

h = size of weld, in. For fillet welds h represents the weld 


leg and for butt welds h represents the throat of th 
weld excluding reinforcement 


1 = length of a weld, in. 
Fic. 2 A GENERATOR FRAME POSITIONED ON A WELDING MAnipv- L = linear distance. in. 
LATOR TO FacitiTaTE Down-Hanp WELDING ; 





SrrResses IN Butr WeLDs 
tained is because this contraction produces a direct tensile force ; 
The calculation of stresses in a butt weld between paralle 


in the plates. ; 
plates as shown in Fig. 3 is a simple matter. The stress is equa 


Considering fillet welds, shown in Fig. 10, it is again possible to 





confine the discussion to contractions along the xz axis for reasons me 

similar to those previously mentioned. In this case, however, iad aes «a } Zh, 
there is generally the possibility of a small movement between >. “a ae . Me ~~ P 
the plates resulting from the weld contraction which will greatly | * a e iy , 


reduce the stresses. In addition, this contraction is in such a : : , ; 

: ; ‘1@.3 Typrcau Butt Jorn 

direction that it tends to bend the parts rather than produce 
sverse tensile forces am. Asa result s > loes istor- thtent 

transverse tensile forces in them As a result some local distor to the external load acting on the joint divided by the throa 


tion is apt to be obtained and the presence of this distortion area of the weld.‘ 


means a reduction in the residual stresses. 


The second point in connection with the influence of fabrica- eee {1 
tion problems on the choice between fillet and butt welds is the 


The stress in a butt weld due to shear loading is 
method of making the welds. In order to increase the speed of B 


welding it is desirable to deposit the weld metal in the down-hand Sa (2 
position with large-diameter electrodes. Butt welds are ideal 
in this connection and are generally preferred. Fillet welds are Che values of h (weld throat) in Equations [1] and [2] don 


of such a nature that in the normal horizontal position one fusion include the reinforcement of the welds. Some authorities take 
zone is in the vertical plane. This necessitates the use of small- the reinforcement into account but this is a questionable practice 
diameter electrodes, if welds of the highest quality are desired, The reinforcement of a weld will vary greatly over its length ana 
unless the parts can be positioned so as to simulate a butt weld 18 @ maximum at the throat section. At the junction of the weld 
and permit down-hand welding. Welding manipulators as nd the parent metal, shown as point A in Fig. 3, the reinforce 
shown in Fig. 2 have been found very helpful under these conditions. ™ent will approach zero, thereby making it the critical section 


In cases where fillet welds of intermediate quality are satis- Also, reinforcement tends to produce stress concentrations whict 
factory, special electrodes have been developed which make it ™ight be objectionable in cases of fatigue loadings. 
possible to use !/, in. diameters. Such cases make fillet welds as The purpose of reinforcement on butt welds is to add an cht 

er t. t 
economical as butt welds. ditional factor of safety to compensate for flaws which mig 


: ; , . " re -: Ts a 4 3 bly 
Another factor in connection with the selection between butt >e obtained when making the welds. As a re sult it is high! 


and fillet welds is that butt welds allow the use of higher design ‘ The weld throat is defined as the minimum thickness of 2 fusio! 


stresses. This point will be discussed in detail later. weld along a straight line passing through its root (1). 
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desirable in many cases but it should never be used by the de- 
signer as & method of developing the strength required to with- 
stand the applied loads. 


Srresses In Fittet WELDS 


The stress distribution in fillet welds has been proved by photo- 
elastie methods to be nonuniform (2, 3). In addition, their 
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Fic. 6 NonsyMMerTrRICAL Fitter WeLpDs 


particular shape causes certain secondary bending moments 
which cannot be determined accurately and which tend to in- 
crease or decrease the stresses at different points in the weld. 
Because of these facts many attempts have been made to calculate 
fillet-weld stresses with the result that numerous formulas have 
been derived (5, 6, 7,8). ‘These formulas are all based upon arbi- 
rary assumptions, consequently, none are strictly correct. For 
this reason only the generally accepted formulas will be considered. 

Transverse Fillet Welds. In the generally accepted method of 
“omputing stresses in transverse fillet welds it is assumed that 
the stress at the throat section® is principally a normal tensile 
“tress. (Photoelastic tests by Dustin (9) tend to justify this 


* The throat section of a weld is considered to be the critical section. 
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assumption.) The stress on the throat section of a fillet weld 
shown in Fig. 4 transmitting a load P is therefore taken as 
r r 1.414 P 


weld throat 0.707h1. ~— Al 


where 0.707 = cosine of 45 deg. 

If the force P acts through the center of the welded bar as 
shown in Fig. 4b, it will produce a bending moment M on the 
weld and the stress given by Equation [3] will not be the complete 
stress. On a joint of the type shown in Fig. 4a, however, a 
transverse force acts between the overlapping surfaces of the 
joint and this force produces some bending moment M, as indi- 
cated in Fig. 5b which acts in the opposite direction to the bend- 
ing moment M caused by the force P. A shearing force also 
results from this reaction but it is probably small in comparison 
to the other forces and will be neglected. The force P and the 
moment M, shown in Fig. 5b can be represented by a force P 
eccentrically applied to the welded member as shown in Fig. 5c. 
The condition of equilibrium will be obtained when the bending 
moment M, is of such a value that the eccentricity e causes the 
load P to act along the center line of the weld throat. This is 
possibly the condition that occurs in a fillet weld at the point of 
failure. Consequently, the stress values obtained by this method 
are comparable to what would be expected from tests on all weld- 
metal test specimens. 

There are certain cases in design when fillet welds are used on 
only one side of a plate as shown in Fig. 6. In joints of this type 
there is no counteracting bending moment present as the result 


w= 8 
D}-+ 


ib) 














r 
| ‘a 


Fic. 7 Forces In NONSYMMETRICAL TRANSVERSE FILLET WeLD 


of the overlapping plates pressing against each other. Con- 
sequently, a bending moment resulting from the joint eccentric- 
ity must be considered. 

Referring to Fig. 7a, it is seen that the weld throat is subjected 
to a tensile force P and a bending moment resulting from the 
eccentricity of the force P acting along the fusion zone OH. 
This bending moment M is equal to Ph/4. 

The stress resulting from the direct load P is 


1.414P 
Al 


In determining the stress resulting from the bending moment 
M a rectangular stress distribution is assumed. (This is the 
type of stress distribution that is obtained before the weld fails 
in tension.) Here 


nae —- tna. . 5 
~~ 0.707h)2—-4(0.5)h2 oh ‘ 

This bending stress increases the stress at the root O and de- 
creases the stress at the outer edge of the throat. As a result the 
root stress is the critical stress and the total stress is obtained by 
adding Equations [4] and [5} 


a 
a 


_1414P | 2P— 3.414P : 
ait Sie iiala lalate (6] 


It is seen that for a given load P the stress obtained by Equa- 
tion [6] is about 2.4 times the stress obtained by Equation [3]. 
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Ultimate stresses in joints of the type shown in Fig. 6a as 
calculated by Equation [6] agree fairly well with results that 
would be expected from the tensile strength of the weld metal. 

Parallel Fillet Welds. Parallel fillet welds are assumed to be 
subjected only to shearing stresses. The stress distribution along 
the weld is not uniform, although it is generally considered as 
such when calculating the stress. Smith (10) has shown experi- 
mentally that the stress at the ends of the welds is considerably 
higher than the average stress. (The exact value of the end 
stresses depends upon the length and size of weld and the size 
of the parts welded.) Weiskopf and Male (11) and Hovgaard 
(12) obtained similar results analytically. 

Regardless of this fact, however, tensile tests made by Vogel 
(13), the U. 8. Navy, and the Structural Steel Welding Com- 
mittee of the American Bureau of Welding (14) indicate that the 
strength of such welds is directly proportional to the weld size 
and the weld length. As a result, the assumption that the stress 
is uniformly distributed over the entire length of the weld ap- 
pears justified for normal design practice. 
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The shear stress in parallel fillet welds is calculated by divid- 
ing the load transmitted by the weld throat. This shear stress 


is 


fz 1.414P 


S = = ° 7) 
S, weld throat hl (7) 


In cases where extremely long parallel welds are used, a formula 
based upon experimental constants has been derived by Rossell 
(15) which takes into account the stress distribution in the weld. 
In general welding design, however, there is no requirement for 
this formula, consequently, it will not be included. 


Srress CALCULATIONS FOR TYPICAL CONNECTIONS 


Equations [1] to [7], inclusive were derived for simple butt and 
fillet welds in tension and shear. In the following, typical joints 
subject to bending, tension, and shearing loads will be considered 
by applying these same equations. 

When considering lap or T fillet-welded joints containing two 
parallel or transverse welds loaded in tension or compression as 
shown in Fig. 8, the load should be considered uniformly distrib- 
uted between the welds. The weld stress is 


P\ 1414 0.707P 
S = = clay 6 tae social 
2) Al hl 


If plates of unequal thickness are used in combination with 
transverse fillet welds as shown in Fig. 9, the load distribution 
between the welds is proportional to the thickness of the plates 
because the plate sections between the welds do not distribute 


October 


the load uniformly. Referring to Fig. 9, the stress in weld A js 


iS a 1.414P 
S = ——— (9) 
(b + a) hl a 
and stress in weld B is 
: b 1.414P 
Ss = — — RK [10] 
(6+ a) Al — 


If side welds are used in making a lap joint between plates of 
unequal thickness, the load is considered uniformly distributed 
between the welds because the load distribution between the 
plates does not affect the load distribution on the welds. In this 
case Equation [8] applies. 

Stresses in lap joints containing combinations of parallel and 
transverse fillet welds as shown in Fig. 10 are computed by as- 
suming the load uniformly distributed between the welds. Al- 
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though this is the generally accepted method of calculating the 
stresses in joints of this type the load is actually not uniformly 
distributed between the welds. Tests have shown that parallel 
(side) welds deform more under load than transverse (end 
welds. Asa result the transverse welds will take more than their 
normal share of the load and will fail first. If the plates are ol 
unequal thickness as shown in Fig. 106, weld A will be the highest 
stressed. Although it is known that the load on joints of this type 
does not distribute uniformly between all the welds, there are no! 
enough experimental data available to make a more accurate 
analysis. 

Lap joints between an angle and another member are sometimes 
designed so that the center of gravity of the welds coincides with 
the center of gravity of the angle as shown in Fig. 11. Referring 
to Fig. 11, zz is the center of gravity of the angle, 6 is the width 
of the angle, and ¢ and é are the distances from the center of 
gravity to sides of the angle. For the center of gravity of the 
welds to coincide with the center of gravity of the angle t'5 
necessary that he, = he Assuming the stress to be equal in 
both welds then 
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ice 1.414P (11) 
AW (lL, re lL) eerereeeeneeeeeeee o* 
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Tihs SE st aa (12] 
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Substituting the value of , in Equation [11] and simplifying 
1A414Pq _ 1.414Po 


a oa a Me [13] 
Similarly 
a. [14] 
hlb 


The value of distributing the welds so that their center of 
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Fie. 12 Transverse Fittet Weips Loapep tn BENDING 








gravity coincides with the center of gravity of the angle is open 
to question. Griffith (16) made comparative tests between 
joints of this design and joints having the weld uniformly divided, 
and proved one is equally as good as the other. Initial yielding 
occurred at approximately the same loads and the ultimate 
strength was approximately the same. On the basis of Griffith’s 
tests and experience obtained on many structures, the author 
is of the opinion that it is unnecessary to design a joint on 
angle bars so that the centers of gravity of the angle and welds 
coincide. 

Transverse fillet-welded joints subjected to bending as shown 
in Fig. 12 are often found in machines. The weld stresses in 
this type of joint are computed by assuming the bending moment 
M to be counteracted by a couple composed of forces p acting 
at the center of the vertical fusion zones of the welds as shown 
in Fig. 12a. Therefore, M = p(b + h), or 


The weld stress is 


~ 1414p  _—‘1.414M 


i og. as [16] 
hl hl(b + h) 

If a transverse load is applied to the member A as shown in 
Fig. 12b in place of a bending moment, the weld will be subjected 
to stresses resulting from the shearing force of the load P and 
the bending moment PL. Several methods have been suggested 
for combining these forces to determine the weld stress. The 
simplest and most commonly used method is given in the follow- 
ing paragraphs. This method is admittedly only an approxi- 
mation but tests made on joints having a wide ratio of shearing 
and bending forces indicate that it gives satisfactory results (17). 

Assuming both welds to be of equal length 1, the shearing force 
on each weld will be (P/2). From Equation [15], the force on 
‘ach weld resulting from the bending moment PL will be 


PL 


p= _ 
(b + h) 


~ 


The weld stress is computed by dividing the resultant of these 
two forces by the weld throat. Therefore, the weld stress is 


, ww) + 5] 


ee tsecees 


a e+" 
$* Ba y| 2+ : os (18) 


If the term (b + A) is small in comparison to L, Equation [18] 
approaches Equation [16] for pure bending. 

Parallel fillet-welded joints subjected to bending as shown in 
Fig. 13 are also commonly used. Stresses in this type of joint 
are calculated on the basis of the weld-throat sections’ being sub- 
jected to the bending moment. The same formula is used in 
calculating the weld stress regardless of whether the bending is 
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caused by a pure bending moment or a cantilever load. This, 
of course, is the result of the shearing stress being zero at the ends 
of the weld where the bending stresses are a maximum. 

Referring to Fig. 13, the bending moment acting on each weld 
is 


The section modulus of a weld throat is 


0.707 hi? 
i = (20 | 
- 
Therefore, the stress resulting from the bending moment is 
6PL 4.24 PE 
he (2) | 


So ————— o 
~ — 2(0.707) hl? hi? 
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If a bar is fillet-welded to another member by welds on all sides 
as shown in Fig. 14 and subjected to a bending moment, the 
stress is calculated as follows: 

The bending moment M;, which is resisted by the transverse 
welds A can be calculated by Equation [16] where 


Sihl (0 +B) 
1.414 


1.414 M, 


~ Ald + h) wm 


V1 or Mm, = 
The bending moment M, which is resisted by the longitudinal 


welds B can be calculated by Equation [21] where 


¢ 2 
424M, uy _ Sab 


S: = 
hb? 4.24 


bk edo [23] 


If the maximum stress in all welds is the same, then S; = 


1.414M, 4.24 M, 
ic hi(b+h)  —Ab? 
3l(b + h) 
B= Boe ....... ae. [24] 


but M = M, + M,. Therefore, by substituting in Equation 
[24], 


: 
am PT 5 a, 

5? 

3b +h 
wom ated 1 MOEN 


Substituting Equation [23] in Equation [25] and solving for S 


; 4.24 M 
~ Alb? + 31(b + Ad] 


The stress in a round bar, fillet-welded to another part and 
subjected to a bending moment as shown in Fig. 15, is calculated 
by assuming the stress in each weld element to be proportional 
to its distance from the neutral axis. It is also important 
in the derivation of the weld stress in this joint to bear in mind 
that the stress in the weld throat is (1/0.707) times the shear 
stress in the fusion zone of the weld, where 0.707 is the cosine 
of 45 deg. 

Assuming an elementary area of the fusion zone hr da, shown in 
Fig. 15, on the periphery of the round bar at an angle a with the 
neutral axis subjected to a shearing force, df, the stress will be 


df 
ase n tances ocean wee oie 27) 
hr da 
Also, if S, is the maximum shearing stress then 
S, ds 
= —— Oe FO Bene cise wewais [28 
r rsin « 


Therefore, by substituting the value of ds in Equation [27)| 
df = S, sina hr da............ ~+o fae] 

The bending moment developed by the force df is 
dm = Sjfir* sin* ada............. [30] 


By integrating Equation (30), the shearing stress S, is obtained 
in terms of the bending moment M acting on the joint, or 


The stress in the weld throat as a function of the bending 
moment and the diameter of the welded bar will be 


October 
_ 4M 5.66 M : 
~ " 0.707hD*x  —sxhD? (32 


where 0.707 is the cosine of 45 deg. 
If a welded joint of a design similar to that shown in Fig. 5 
is subjected to torsion the weld stress is obtained as follows: 
The torque M is resisted by the shearing force in the weld throat 
acting at a distance D/2 from the center of the joint 








M = shearing force * D/2 (33 
h 
Pe h, eh 
*h 
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The shearing stress resulting from this shearing force is equal 
to the force divided by the weld throat. Therefore 


2M 2.83 M 


S = ~ - = 
* — 0.7077D*h hD*x 


34) 

When making a butt joint in a tension member it is often found 
necessary to reinforce the joint by an additional butt strap 
fillet-welded across the joint. This condition arises because the 
allowable design stress in a butt weld is not as high as the design 
stress for the parent material. If the parent material is stressed 
at 18,000 lb per sq in., and only 13,000 Ib per sq in. is allowed on 
the butt weld, the entire member must be increased in size to 
bring the stress down to 13,000 lb per sq in., or a reinforcing bar 
must be added to carry the excess load. The latter of the two 
methods is usually the more economical. 

When designing a joint of this type it is desirable to place 4 
butt strap on both sides of the joint in order to eliminate secondary 
bending moments. This procedure, however, is not always prac- 
tical. In such cases a bending moment is present which tends 
to increase the stress on the side of the butt weld away from the 
strap. If the butt weld is of the single V type it is desirable to 
have the root of the weld next to the strap. 

The total elongation of all the plates that comprise the joint 
must be the same, assuming that the fillet welds do not deform 
Consequently, the stresses in all the plates must be equal because 
the stress is directly proportional to the elongation. Also, if 
the stresses in the various plates are equal, the loads transmitted 
by the plates must be proportional to their cross-sectional areas 

If the load transmitted by each butt strap is p and the load 
transmitted by the butt-welded plate is p; as shown in Fig. 166. 
then, because the load is proportional to the cross-sectional sre 
of the plates 
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and compression is too small. The design stress for bare-electrode 
Phil; welds subjected to compression should be 15,000 Ib per sq in. 
pA = (hl + hill) Peadeva tes v4.00 a0 [36] This represents a safety factor of 3. 
™ The working stress for butt welds in static shear is 11,300 lb 
The stress in the fillet welds by using Equation [3] is per sqin. This is 87 per cent of the working stress for static 
tension and may be questioned. 
cs 1.414Phl a 1.414P (37] Tests made on butt welds in shear by the Westinghouse 
(2hi + hyl)hl = (2hl+ hh) Electric and Manufacturing Company, the Structural Steel 
; : , Welding Committee of the American Bureau of Welding (14) 
The stress in the butt weld by using Equation [1] is and the U. 8. Navy indicate that the shearing strength of butt 
Phi; P (38) welds is about 65 per cent of the tensile strength. This ratio 


~ (hl + Fuh)hh  (2hd + Muh) 


The welded joints that have been considered do not comprise 
all the joints that are used on welded structures. They do, how- 
ever, cover the joints most commonly used, and the methods 
used in calculating the stresses can be applied in a similar manner 
to other typés of joints. 

Appendix 1 includes.a number of typical welded joints with the 
corresponding formulas for calculating the stresses. These 
formulas are based upon the methods of stress calculation dis- 
cussed. 


DeTERMINATION OF WORKING STRESSES 


In the design of any welded joint it is important to know what 
safe working stresses can be used. The allowable working stresses 
are obtained from experimental tests by reducing the ultimate 
strengths or endurance limits obtained by a suitable factor of 
safety. 

Many tests have been made on both fillet and butt welds. 
Consequently, it is not a difficult matter to obtain sufficient test 
data from which satisfactory design stresses may be determined. 

There are two general types of welding electrodes used in the 
fabrication of welded structure; bare electrodes and coated or 
shielded-are electrodes. Typical physical properties of weld 
metal deposited by bare and coated electrodes are given in Table 
1. 

Extensive tests on butt-welded joints indicate that the physical 
properties of butt welds are comparable to the physical properties 
of all weld metal. This condition is true regardless of the joint 
design, providing the weld is sound and homogeneous. 

The working stresses for butt welds made with bare electrodes 
as recommended by the American Welding Society in the Struc- 
tural Steel Welding Committee (18) and machinery construc- 
tion codes (19) are given in Table 2. 

Comparing the allowable stresses for static tension and com- 
pression given in Table 2 with the minimum ultimate strength of 
weld metal deposited with bare electrodes given in Table 1, 
it is seen that a safety factor of 3.4 is used in tension and 2.5 in 
compression. It is the author’s opinion that the safety factor in 


TABLE 1 PHYSICAL PROPERTIES OF METAL DEPOSITED BY 
BARE AND COATED ELECTRODES 


Property Bare electrode Coated electrode 

c Min Max Min Max 
Yield point, Ib per sqin................ 35000 40000 42000 55000 
Itimate strength, Ib per sqin.......... 45000 55000 60000 70000 

Elongation in 2 in., per cent........_... 8 15 25 35 
Reduction of area, per cent..........._. 15 20 45 65 
pBdurance limit, Ib per sq in............ 16000 20000 26000 30000 
mpact strength, Izod, ft-lb.........__ 5 15 40 50 


ensity, g per cc..... 7.5 7.6 7.81 7.85 


TABLE 2 RECOMMENDED WORKING STRESSES FOR BUTT 


WELDS MADE WITH BARE ELECTRODES 


Structural Machinery 


St : code code 
Beatie ention, Ib per eqim................. eee 13000 13000 
Static Pression, Ib per eq in................. 18000 18000 
atic shear, lb per sqim.................... 11300 11300 
Denamuc tension, Ib persqin.................. ah 5100 
ynainic compression, Ib per sq in............. 7000 
ynamic shear, Ib persqin.................... eats 3400 





of shearing strength to tensile agrees closely to the theoretical 
ratio of 58 per cent as obtained by the shear-energy theory 
(20, 21). 

In order to have the working stress in shear in agreement with 
the other values it should be approximately 60 per cent of the 
working stress in tension or 8000 lb per sq in. (8000 lb per sq in. 
is 61.8 per cent of 13,000 lb per sq in.). 

The allowable working stress for butt welds subjected to dy- 
namic loads should be the same for both tension and compression. 
For complete reversal of load, the design stress can be obtained 
from the endurance limit of butt joints or weld metal. Using 
16,000 Ib per sq in., which is a typical fatigue value for butt welds, 
and a safety factor 3.2, a working stress of 5000 lb per sq in. is 
obtained. This is the value used by the Westinghouse Electric 
and Manufacturing Company and agrees very well with that 
recommended by the A.W.S. machinery code (19). For dynamic 
shearing stresses a value about 60 per cent of 5000 should be used, 
or 3000 lb per sqin. This value is about 12 per cent lower than 
that recommended by the A.W.S. machinery code (19). 

Considering coated or shielded-are electrode welds, it is seen 
from Table 1 that the tensile strength is from 27 to 30 per 
cent greater than the tensile strength of bare-electrode welds. 
Therefore, it is satisfactory to increase the working stresses for 
static tension, compression, and shear to 16,000, 18,000, and 
10,000 Ib per sq in., respectively. The percentage increase in 
all cases is 25 per cent or less. 

For dynamic loadings with this type of electrode using the 
minimum value of 26,000 Ib per sq in. and a safety factor of 3.25, 
a working stress of 8000 lb per sq in. is obtained for tension 
and compression. The working stress for shear loadings can be 
established at 5000 lb per sq in. (62.5 per cent of 8000 lb per sq 
in.). 

The tensile strength of fillet welds varies depending upon the 
design of the joint because of the type of loading, secondary bend- 
ing moments and the approximate formulas used in calculating 
the weld stresses. In a report published by the Structural Steel 
Welding Committee of the American Bureau of Welding (14) 
it was found that side (parallel) fillet welds were approximately 
25 per cent weaker than end (transverse) fillet welds. This is, 
of course, what would be expected because side welds are stressed 
in shear while end welds are stressed principally in tension. Also 
joints containing some eccentricity were found to be weaker than 
symmetrical joints. 

In determining the working stress it has been the practice to 
use the weaker joints as the criterion, thereby having only one 
working stress for all types of fillet welds. 

The working stress recommended by the Structural Steel 
Welding Committee (14) and the A.W.S. machinery code (19) 
is 11,300 Ib per sq in. This value is derived on the basis of a 
tensile strength of 42,000 lb per sq in. and a safety factor of 3.7 
(the stress of 42,000 lb per sq in. is the weighted average of some 
761 specimens tested by the Structural Steel Welding Committee 
of the American Bureau of Welding). 

This working stress appears to be entirely satisfactory and has 
been used for several years with good success. It is also very 
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convenient because it represents a load-carrying capacity of 1000 
lb per linear in. per '/; in. of weld. In other words, a */,-in. weld 
1 in. long will carry a 1000-lb load; a */;-in. weld 1 in. long will 
carry a 3000-lb load and so on. 

The fact that welds made with coated electrodes are from 27 
to 30 per cent stronger than those made with bare electrodes 
makes it possible to increase their working stress to 14,000 lb 
per sq in. (This value is 24 per cent greater than 11,300 lb per 
sq in.) This working stress is also convenient to employ be- 
cause it is approximately equivalent to the decimal! equivalent 
of the weld times a factor of 10,000. A */,-in. weld 1 in. long will 
carry 1250 lb; '/:-in. weld 1 in. long will carry 5000 lb, and 
so on. 

The establishment of working stresses for fillet welds subjected 
to dynamic loadings is a difficult problem because of the large 
variation in the results which have been obtained. Also, in 
many cases the results given are based upon failure in the parent 
metal at the end of the weld and not in the weld metal. Asa 
result they do not give fatigue values of the weld. Fatigue data 
on parent-metal failures at the ends of welds are important, 
however, in determining the stress-concentration factor at that 
point in the joint. 

Fatigue tests made by the author and R. E. Peterson (22) on 
transverse fillet welds (bare electrodes) by means of rotating 
specimens, gave endurance limits of the 13,000 to 17,000 lb per 
sq in. for the weld. These tests also gave endurance limits for 
the parent metal at the weld toe of 18,000 lb per sq in. Kom- 
merell (23) obtained endurance limits of 9200 to 14,600 lb per 
sq in. Hankins (24) obtained endurance limits of 9000 lb per 
sq in. for bare-electrode welds and 16,000 lb per sq in. for coated- 
electrode welds, while Roberts (25) obtained endurance limits of 
17,900 lb per sq in. for bare electrodes. Ros and Eichinger (26) 
obtained values of about 18,000 lb per sq in. (computed by the 
author on the basis of recommended formulas) on coated elec- 
trodes. 

On the basis of these data a working stress of 3000 lb per sq in. 
for transverse fillet welds made with bare electrodes and 5000 
lb per sq in. for transverse fillet welds made with coated elec- 
trodes appears satisfactory. The fatigue strengths of parallel 
fillet welds are slightly lower than those of transverse fillet welds. 
Hankins (24) found them to be about 13 per cent less, Ros and 
Eichinger (26) about 19 per cent less and Roberts (25) about 
25 per cent less. Kommerell (23), however, found parallel welds 
to be about 20 per cent stronger than transverse welds. Because 
of the large safety factor used for transverse fillet welds it is 
satisfactory to use the same design stress for longitudinal fillet 
welds. This greatly simplifies the design of fillet-welded joints 
and is in agreement with the method employed in selecting the 
static working stress for fillet welds. 

Because the parent metal is weakened at the end or toe of a 
weld as a result of metallurgical changes and stress concentrations, 
it is desirable to determine the stress-concentration factor at 
these points. The stress-concentration factors given are based 
upon mild-steel parent metal. In cases where medium carbon 
or alloy steels are used, these stress-concentration factors may be 
greater because of more serious metallurgical changes. 

Fatigue tests made by the author and the authorities mentioned 
indicate that the endurance limit of mild steel is reduced to about 
18,000 Ib per sq in. (22) at the toe of a transverse fillet weld. 
This corresponds to a stress-concentration factor of 1.5 (the 
endurance limit of mild steel is approximately 27,000 lb per sq 
in.). This factor appears to be the same for welds made with both 
bare and coated electrodes. 

The endurance limit at the end of parallel fillet welds is 10,000 
to 13,000 lb persqin. This corresponds to a stress-concentration 
factor of 2.7. 


October 


TABLE 3 WORKING STRESSES AND STRESS-CONCENTRATION 
FACTORS FOR WELDS ON LOW-CARBON STEELS i 


—Working stresses— 
bare electrodes —Coated electrodes— 


Static 


Dynamic Static Dyr 
oa. men loads, 1. 
per per Ib per Ib per 
Type of weld sq in. sq in. sq a 8q . 
Butt welds: 
0 ee 13000 5000 16000 8000 
Compression...... 15000 5000 18000 8000 
[eer 8000 3000 10000 5000 
Fillet welds: 
Transverse and 
parallel welds... 11300 3000 14000 5000 
Stress-concentration factors 
Stress- 
: concentration 
Location factor, K 
Reinforced butt welds... 
Toe of transverse fillet weld 


End of parallel fillet weld vat 
T butt Joint with sharp corners. . 


Noe 
“Io ro 


On reinforced butt welds Roberts (25) obtained stress-concep- 
tration factors of 1.2 as compared to machined butt welds. 

For T joints made with butt welds and having a right-angle 
corner, a stress-concentration factor of 2.0 will be found satis. 
factory. 

The working stresses and stress-concentration factors that 
have been derived are given in Table 3. The stress-concen- 
tration factors given are applicable for welds made with both bare 
and coated electrodes, and need only be used in cases where 
dynamic loads are encountered. 


CoMBINED STATIC AND Dynamic Loaps 


The design of structural members subjected to simple static 
or dynamic (complete reversal of stress) loadings is an easy mat- 
ter on the basis of the previous design stresses given. In most 
structures this simple condition is seldom encountered, however, 
because most members are subjected to various combinations of 
static and dynamic loadings. 


NDURANCE LIMIT 


~ 


ite. 
PAESsES 


~ 





VARIABLE STRESS KSy—e 
! 
ql 
‘ 
‘ 
/ 


s 
‘ 
ae, 
sae 
a te 

Ss YIELD 
wy POINT 

STEADY STRESS Sg —> 








ULTIMATE 


Fic. 17 Rew.ation Between STEADY AND VARIABLE STRESS 

The accumulation of experimental data obtained on specimens 
under various combinations of static and dynamic loadings hs 
made it possible to determine certain relationships. If the steady 
stress is plotted as abscissas against the variable stress as ord: 
nates, the experimental curve will take the shape shown by th 
dotted line in Fig. 17. Gerber approximated this curve 
parabola while Goodman approximated it as a straight line be 
tween the endurance limit and the ultimate stress. It will & 
noted, however that the curve dips toward the yield pot 
Therefore, it is more simple and conservative to connect th 
endurance limit with the yield point as shown by the dots 
dash line in Fig. 17 (27). 

The line connecting the yield point and the endurance 1™ 
is assumed to represent the combinations of steady and variable 
stresses that will cause failure. It is necessary in design practice 
however, to employ a suitable factor of safety. Consequently 
the working stresses for variable and steady loads are used iD 
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place of the endurance limit and yield point, respectively. This 
confines the permissible stresses within the shaded area of Fig. 
17. 

The relation between the steady stress S, and the variable 
stress S, as defined by the straight line joining the variable 
working stress S,, and the steady working stress S,, (28) is 

KS, + S, 
a. 


wy 


The steady stress S, is equal to one half the algebraic sum of the 
maximum and minimum stresses applied to the member or joint. 
The variable stress S, is equal to one half the algebraic difference 
between the maximum and minimum stresses and the factor K 
is the stress-concentration factor for dynamic loads. If the 
maximum stress is Smax and the minimum stress is Sain then 


K (Smax — Smin) (Smax + Smin) ais 
2S ve 28 





1 


wy 
and 
Smax (Sue + K Sy) + Smin (S,,— K S,,) = 2S8,,S,,... [40] 


If the loading of a joint is known, the weld size can be calculated 
by substituting in Equation [40] the proper expressions for Smax 
and Sin in terms of the loads and the weld size. 

To illustrate the application of Equation [40], consider a butt 
weld between l-in. plates. This weld is made with coated elec- 
trodes, the reinforcement is not removed, and the tensile load on 
the joint varies from 10,000 to 40,000 lb. The required length of 
the weld is determined as follows: 

From Equation [1], S = (P/hl). Therefore, by substituting 
the value of S in Equation [40] 


Prusx Pain 
a (S.. + KS,,,) + 7 (S,,— KS,,) = 28,, &,, 


men Prosx (S,..+ KS,,) Pein (S.. — K S.y) 
2h Sué Soy 2h Sue Suz 





From Table 3, S,, = 8000 lb per sq in., S,, = 16,000 lb per 
sq in., and K = 1.2. Solving for / 


ia 40,000(8000 + (1.2 16,000) } 
2X 1 X 16,000 x 8000 





10,000 [8000 — (1.2 X 16,000) | 
2X1 X 16,000 x 8000 





a 


|= 4.2 —0.44 = 3.76 or 3.75 in. 
If the load on this joint varied from 40,000 Ib tension to 


40,000 Ib compression (complete reversal of load) the required 
length would be 


| = $0,000{8000 + (1.2 16,000) 
2X 1 X 16,000 « 8000 


___ 40,000 (8000 — (1.2 X 16,000) | 
2 X 1 X 16,000 x 8000 





1= 4.25 + 1.75 = 6in. 


Ifa welded joint were subjected to shearing stresses, Equation 
(40) still applies but the working stresses for shear are used. 


GENERAL Desicn Nores 


The design of a welded structure does not consist of simply 
designing the many joints to withstand the necessary loads. 
ere are many economic and fabrication problems which must 
be considered in order to make the most satisfactory structure. 
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TABLE 4 MINIMUM-SIZE FILLET WELDS FOR DIFFERENT 
THICKNESSES OF PLATE 


Minimum weld 
Plate thickness, in. size, in 


‘/, to */16, inclusive /s 
‘/4 to */e, inclusive /i6 
*/a to */s, inclusive /, 
4/, to 1, inclusive /s 
11/5 to 1*/s, inclusive i/s 
Above 1'/; t/, 


In some cases these problems may be of sufficient importance to 
make the fabrication of the structure entirely impractical. 

The ideal welded structure is composed of the fewest parts 
possible joined with the minimum amount of weld metal that is 
adequate for fabrication and service requirements. Whenever 
possible flanges and adjacent members should be bent from the 
same plate to eliminate corner welds. Structural steel plates 
and shapes cost about 2¢ a pound while deposited weld metal 
costs about $0.50 to $1 a pound. Consequently, the advan- 
tage of reducing the amount of welding is readily recognized. 
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Fie. 18 Types or INTERMITTENT WELDING 


When butt welds are used, the plate edges need not be beveled 
for thicknesses '/, in. or less. The edges of heavier plates 
however should be beveled to form some type of V joint. The 
best design of the joint; that is, whether it is a single or double 
bevel, single or double V, single or double U, or single or double 
J will depend upon a number of factors. 

Oxyacetylene and oxyhydrogen cutting, is, in general, the 
cheapest method of preparing bevels for butt joints. It is 
adaptable to complicated shapes and suitable only for cutting 
plane kerf surfaces. Machining is particularly adapted for U- 
type joints, for cases where an excellent fit is required, and for 
parts of such a nature that they can be machined at a relatively 
low cost. 

Double U- and V-type joints are recommended for plates */, in. 
thick and over if it is possible to weld from both sides of the plate. 
This type of joint produces less distortion of the welded parts 
and reduces the amount of weld metal necessary to weld a plate 
of a given thickness. 

The U-type joint with its rounded bottom makes it possible to 
make the first passes with an electrode of any desired diameter. 
The V-type joint is generally narrow at the bottom, consequently, 
the first passes must be made with small-diameter electrodes. 
Regardless of this fact, however, experience indicates that on 
plate thicknesses up to 1 in. there is little or no difference between 
the welding speeds obtained on the two types of joints. 

The width of the bottom of a U-type joint greatly influences the 
welding cost. On plates up to 1 in. in thickness, it is advanta- 
geous to design the joint so that the first passes can be made with 
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large-diameter electrodes. On plates over 1 in. in thickness, it 
is advantageous to design the joint for small-diameter electrodes 
on the first passes. 

When using fillet welds in any design it is important to re- 
member that to double the size of a weld it is necessary to deposit 
four times as much weld metal. This fact often has an important 
influence in determining whether to use continuous or intermittent 
welding. 

If a weld is designed on the basis of stress only, it is often 
possible that very small welds will be satisfactory. Experience 
has shown, however, that there is a minimum-size fillet weld 
that should be applied to a given plate thickness, if a sound strong 
weld is to be obtained. Recommended minimum-size fillet 
welds for different plate thicknesses, are given in Table 4. 

When a continuous weld of the minimum size exceeds the re- 
quired strength, and the weld is not required to be leakproof, 
intermittent welds may often be used. The minimum length of 
an intermittent weld should be at least four times the size of the 
fillet and never shorter than 1 in. A certain amount of time is 
required for a welder to start and stop a weld; consequently, 
it is recommended that welds longer than 1 in. be used whenever 
possible in order to reduce their cost. 

Two types of intermittent welding are used, staggered and chain 
welding, as shown in Fig. 18. The choice between the two types 
is open to controversy. The staggered welding, however, has 
the advantage of producing a joint stiffness approximately 
equivalent to that of chain welding by using only half as much 
welding. 

Recommended spacings for intermittent welds limit the maxi- 
mum center-to-center spacing between increments to 16 times the 
thickness of the thinner member for compression, and 32 times 
the thickness of the thinner member for other loadings. In no 
case, however, should the spacing be greater than 12 in. between 
adjacent welds. (This spacing is somewhat greater than that 
permitted by the U. 8. Navy on ship construction but it is entirely 
satisfactory for machinery and structures.) 

In cases where two parts are lapped together and it is possible 
to use either parallel or transverse fillet welds, it is reeommended 
that parallel welds be used because the load is generally more 
evenly distributed between the welds. 

When fabricating such items as frames and bed plates from bars, 
plates, angles, or channels, it is generally preferred to use straight 
cut-off pieces rather than mitered ends to form the corners. 

Bearing pads and other parts that require subsequent machining 
should have the welds designed strong enough to withstand the 
machining forces which may be larger than the service loads. 

Pads that have a width of over 12 times their thickness should be 
plug-welded at the center to prevent the center from bulging. 
The diameter of plug welds should be made from 2 to 4 times the 
thickness of the plate. 

The general design of all structures should be such as to elimi- 
nate rigid and fixed joints as much as possible. Such joints tend 
to develop high internal stresses which will cause difficulty in 
fabrication and may impair the service life of the structure. 

Equipment that requires close machining tolerances, and that 
will be subjected to dynamic service loads, should be stress- 
relieved after welding whenever possible. This stress-relieving 
Process should consist of heating slowly to 1100 or 1200 F, 
Soaking for 1 hour per inch of thickness and cooling slowly to at 
least 300 F before removing from the furnace. 


CoNCLUSION 


f It has been the aim of this paper to discuss briefly the essential 
‘actors of welding design. Many of the equations derived for 
computing the weld stresses are admitted to be approximate but 
*xperience has proved them to be adequate in all respects. 


The working stresses and stress-concentration factors given are 
for welds made on mild low-carbon steels. When welding steels 
or materials of other types, other working stresses must be used. 
These values may be obtained from experimental tests in a similar 
manner. 
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Appendix 


Figs. 19, 20, 21, and 22 on the preceeding page show a number 
of typical welded joints with the corresponding formulas for cal- 
culating the stresses. The formulas are based upon the methods 
of calculating stresses discussed in the paper. 
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Rolled Steel in Machine Construction 


By H. G. MARSH,' PITTSBURGH, PA. 


The author discusses the extent to which welding is 
used in the design and construction of machine tools, 
and advances reasons why its application is not more 
universal. 


AST YEAR 80,000,000 Ib of electric-welding rods were used. 
Lo the basis of 25 to 40 lb of welding rod per ton of steel, 

it indicates that between 2,000,000 and 3,000,000 tons of 
steel were welded. Automobiles, buses, street cars, high-speed 
trains, and airplanes all depend to some extent on the satis- 
factory performance of welds. Welding has become so common 
that the public accepts it without comment, and in many cases 
it is actually preferred, especially where general appearance is an 
important factor. 

The magazine Machine Design in the last year described 133 
newly designed machines, 19 of which were made of welded 
rolled steel, 45 had been partially converted from castings to 
welded steel, and 69 were still made of castings. The machinery 
and equipment described were of all classes. _ 

The American Machinist for the same period described 263 
machine tools, of which 10 were made entirely of welded rolled 
steel; 14 were partially converted, and 239 were made entirely of 
castings. 

In the field of power shovels and road-building equipment, it 
has been estimated that 50 to 60 per cent of the weight of all the 
machinery built has been converted from castings to rolled steel. 
In other lines, such as presses, brakes, electric cranes, and heavy 
industrial equipment, the conversion has been from 15 to 50 
per cent completed. The large electrical manufacturing com- 
panies have gone to the economical limit set by present welding 
practice. 





1 In charge of sales service and training, Carnegie-Illinois Steel 
Corporation, Pittsburgh, Pa. Mr. Marsh was graduated from the 
mechanical-engineering course, University of Pittsburgh, in 1906. 
Shortly afterward he entered the employ of the Carnegie Steel Com- 
pany in the operating department, serving successively as sales en- 
gineer and assistant manager of the speciality sales division before 
assuming his present duties. He has been interested for a number 
of years in welding from the promotional point of view. 
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GINEERS and The American Welding Society, to be held at Cleve- 
land, Ohio, October 22 and 23, 1936. 

Discussion of this paper should be addressed to the Secretary, 
A.S.M.E., 29 West 39th Street, New York, N. Y., and will be ac- 
cepted until December 10, 1936, for publication at a later date. 
Discussion received after the closing date will be returned. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those of 
the Society. 


Notwithstanding all this progress, the use of welding in general 
machine construction is still much restricted, as compared to its 
ultimate possibilities. There is much to be done before the bene- 
fit of this type of construction will be realized to the proper ex- 
tent. Those familiar with this development and its possibilities 
estimate that the conversion from castings to welded rolled steel 
for machinery in general is only about 15 per cent complete 
The reason for the apparent backwardness of welded steel in this 
field is not because steel is an unsuitable material for machine 
construction. On the contrary, it has all the qualities required 
for the purpose. It is low in cost, reliable, and available in a 
great variety of shapes and qualities. Nor is it a matter of 
cost, for in most cases where welded construction has been 
adopted the costs have been reduced. Even if such were not the 
case, the use of steel would not necessarily be prohibited, for if it 
does a better job and meets with the acceptance of the buyer, it 
can command a higher price. Steel has replaced wood, cast iron, 
malleable and steel castings in hundreds of cases at increased 
cost but its suitability for the purpose made its use advisable 

The hesitant progress of welded rolled steel in the machinery 
field is due to a readily discernible apathy toward welding on the 
part of many engineers. There are a large number who still re- 
gard welding as just a handy tool for the millwright in case some- 
thing breaks. They hesitate to use welding in the construction of 
machinery they design, or to advocate its use in the machines they 
purchase, because they are not sufficiently informed of its pos 
sibilities and demonstrated performance. A little more familiar- 
ity with the process of welding would dispel much of this doubt. 

The manufacturer of a certain type of machine, which is built 
entirely of welded steel, recently stated that they were very 
careful to eliminate all evidence of welding. No reference to the 
machine’s being welded is made in any of their advertisements 0” 
other printed matter. This is done because of the sales resist- 
ance to welding they have experienced in marketing their product 
The machine is not sold to the general public, or this procedure 
would be unnecessary. It is sold to engineers and productiod 
managers, who, above every one else, should know about welding 
and have faith in it when properly used. 

Another manufacturer recently went to considerable expens¢ 
duplicate exactly in welded steel a standard machine of cast cod 
struction so that a service test could be secured. All evidence 0! 


welding was carefully concealed so there would be no objectio® 
on the part of any one in the buyers’ operating organization 
cause of its being welded. 

It was very noticeable at a recent machine show that man 
facturers who used welded construction took pains to conceal it 
just as much as possible. This was not solely for the sak 


be- 


e of 








ober 


nd A. 
m and 


tress,” 
tute of 


of Ap- 
.M.LE., 


general 
d to its 
e bene- 
yper ex- 
ibilities 
ed steel 
plete 

] in this 
machine 
required 
ble in a 
atter of 
as been 
- not the 
, for if it 
buyer, it 
ast iron, 
ncreased 
dvisable. 
achinery 
ig on the 
» still re- 
ise some- 
‘action of 
ines they 
f its pos 
familiar- 
doubt. 

h is built 
vere very 
rce to the 
ements OF 
les resist- 
r product. 
procedure 
yroduction 
it welding 


xpense to 
cast con- 
vidence of 
objection 
zation be- 










at mani 
conceal it 
e sake of 


1936 ROLLED STEEL IN MACHINE CONSTRUCTION 71 


appearance, although it is admitted that a smooth well-rounded 
fillet has a very definite appearance value. A gentleman who 
was much interested in the subject at the time called attention to 
the fact that regardless of all the publicity on welded construc- 
tion, he saw none of it at the show. Fortunately, it was possible 
to give him the names of about twenty well-known machine-tool 
manufacturers who were exhibiting welded structures there, 
but unless one was looking for this feature particularly, it was 
rather difficult to discover many examples of it. 

The steel industry’s interest in the market now being expanded 
by welding is not an entirely selfish one. Steel is a progressive 
industry and while naturally interested in extending the use of 
its product, it is also interested in developing its equipment along 
the best economical and engineering lines. It realizes the advan- 
tages of this construction and uses it wherever applicable. It is 
favored and many times specified in the equipment bought. 
With this twofold interest in the development of welded construc- 
tion, the steel industry is watching its progress very carefully. 

Sales resistance to welded construction exists among many 
engineers because they have not employed it to a sufficient extent 
to become acquainted with its various methods of application 
and the results obtainable thereby. They do not use it in their 
designs because they believe that only a welding technician can 
design welded structures. This is an erroneous point of view, 
especially with respect to the type of structures under discussion, 
i.e., machinery. 

There is nothing mysterious about a weld. It is simply a joint 
by which two pieces of metal are held rigidly together. Rivets 
and bolts perform the same function. If the physical qualities of 
the weld, such as tensile strength, ductility, and resistance to 
fatigue and impact are known and these fulfill the requirements, 
the joined pieces may be considered as one piece, and the fact 
that they are welded may be entirely forgotten. 

The question is immediately asked: ‘What if the weld is not 
perfect?” It does not have to be perfect. Welds generally con- 
sist of a number of layers of weld metal superimposed on each 
other and fused together, and the possibility of slight imperfec- 
tions in several layers occurring at the same point is very remote. 
It is no more necessary to examine a weld for blow holes, segrega- 
tion, and cracks than it is a casting. Nor is it more necessary 
for a welded joint to be perfect than a riveted one, because con- 
ventional factors of safety take care of discrepancies or variations 
in workmanship and material. 

The question as to whether there is a standard of workmanship 
among welding operators, which may be depended upon, may be 
answered in the affirmative. This is especially true in the field of 
machine construction. It is assumed that the designer of such 





machinery will depend upon a competent welding unit in his own 
organization, or that the work will be sent to a reputable com- 
mercial weldery. In either case, the standard of the work done 
will be sufficiently high and uniform for his purpose. With 
modern apparatus and materials, welding of mild steel presents 
no difficulties, and resulting welds are quite satisfactory from 
every viewpoint. 

It is realized that special conditions and materials modify 
welding procedure and introduce problems which require a 
specialized knowledge of welding. Some of these involve metal- 
lurgy and heat-treatment, and must necessarily be left to experts 
in this line. Expert advice is readily obtainable when such 
special problems are encountered. 

Many detailers design riveted joints with little knowledge of 
riveting except that given in our standard engineering hand- 
books. They seem to have learned the difference between a rivet 
in shear and one in tension without any exhaustive study of the 
subject. Give them the same data on welded joints, and a 
general knowledge of the properties of weld metal to be added to 
their usual good mechanical sense, and they will design welded 
structures in a very acceptable manner. How disastrous it 
would be if drawings of riveted structures were sent to the shop 
marked “rivet here” and the mechanic was left to exercise his 
own judgment as to the size and spacing of the rivets. For a 
while this was and still is the accepted method of “detailing” 
welds in some shops. 

It is an exploded theory that a welding technician is required 
for the design of welded machinery. With standardized data on 
welds comparable to those available on riveting, a designer of 
presses, who has spent years in that line will design a better 
welded press than the best welding technician in the world. In 
the Pittsburgh district there are several hundred men turning 
out creditable designs without a first-hand knowledge of the 
technical details of welding. 

The way to break down the existing sales resistance to welded 
construction is to start the thousands of designers in this country 
using it. The way to start them using it is to give them simple 
and reliable data on welds. This is a challenge to all who are 
interested in the more widespread application of the method, and 
every proper means should be used to place the necessary informa- 
tion in the hands of those who can make effective use of it. 

The designer is of utmost importance to the development of 
industry. He does not have time to become a welding technician, 
nor is it necessary. Supply him with reliable and workable data, 
and with his keen insight and ingenuity he will quickly grasp the 
principles of welding and lift welded machine design to new 
heights. 
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Welding Heavy Machinery 


By C. A. WILLS! anno F. L. LINDEMUTH,? YOUNGSTOWN, OHIO 


This paper is a presentation of the problems met with 
in the designing, fabrication, and stress relieving of welded 
machine parts and other types of welded equipment. In 
discussing the solutions of these problems. the authors 
refer to the welding of fabricated machine parts and equip- 
ment as accomplished by the company with which they are 
associated. 


N MANUFACTURING or fabricating any kind of equipment 
or part thereof, obviously the first thing that must be 
considered is the design. There will generally be some more 

or less fixed overall and detail dimensions and clearances which 
must be adhered to and certain requirements as to strength in 
the various parts of the structure. In a machine there will be a 
combination of such parts as wheels, shafts, bearings, links, 
cylinders, and rods supported in a frame which will often be of 
welded steel. Quite often the machine under consideration is 
similar to a machine which has been previously made, but the 
parts now to be made of welded steel had previously been made 
of some other material. 

Various methods of construction have certain limitations, and 
the product made under such limitations is not ideal although 
it is the best that can be made with the construction method 
used. For instance, in riveted construction awkward expedients 
are used sometimes merely to provide sufficient clearance to in- 
sert and drive the rivets, excess material is used to provide con- 
nections of sufficient strength, and a large number of auxiliary 
members, such as splice plates and clip angles are added. 

In making castings, the limitations imposed are those of the 
casting process, some of which are: (1) The casting should be 
fairly uniform in thickness throughout so that the metal will 
fill all parts of the mold and thus cool at a fairly uniform rate. 
(2) The shape is limited by what can be economically molded. 
(3) It may be necessary to make a large or intricate member in 


1 Vice-President and General Manager, The William B. Pollock 
Company. Mem. A.S.M.E. Mr. Wills’s early training was with 
Struthers-Wells Company and the Enterprise Boiler Company as 
steel-plate layout man. He later became superintendent of erection 
and then assistant superintendent of the Girard Boiler and Manu- 
facturing Company, Girard, Ohio. In 1905 he entered the employ 
of the William B. Pollock Company as superintendent of the layout 
and assembly departments; in 1916 he became assistant general 
superintendent; in 1924, general superintendent of works; in 1928, 
general manager; and in 1936, vice-president and general manager. 

2 Chief Engineer, The William B. Pollock Company. Mem. 
A.S.M.E. Mr. Lindemuth was graduated from the Pennsylvania 
State College in 1907 with the degree of B.S. and received his M.E. 
degree from the same college in 1913. In 1919 he was associated 
with Perin and Marshall, consulting engineers, New York, N. Y., and 
while in their employ acted successively as assistant general manager, 
general superintendent of construction, and chief works engineer 
of the Tata Iron and Steel Company of India. Afterward he was 
chief engineer of the Colorado Fuel and Iron Company, Pueblo, 
Colorado, and engineer with the Mesta Machine Company, Pitts- 
burgh, Pa. He has been employed in his present capacity since 1932. 
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several pieces which are machined and keyed and bolted together. 
(4) A casting is necessarily one kind of material. 

However, intricate and irregular shapes can be produced much 
more advantageously by casting than they can by any other 
method of construction, especially if more than one casting is to 
be made from an expensive pattern. 

When a welded-steel structure is being designed, the designer 
must realize what can or cannot be done in welded steel in order 
not to handicap the design from the start with the limitations of 
some other construction process. About the only limits as to size 
and shape of a welded-steel structure are those imposed by 
machining and shipping facilities: thick and thin members can 
be welded together; strong, rigid sections, such as box-shaped 
sections, difficult even to approximate in castings, are easy to 
make; and various materials can be combined in one piece. By 
considering the welded job in the light of the possibilities and 
limitations of the welding process, and not as a means of produc- 
ing an imitation of some other kind of construction, better 
results are obtained from the point of view of strength, rigidity, 
cost, and appearance. For example, a casting may be an I-section 
with stiffening ribs, which is only a fair design for strength and 
rigidity, and may have an outside surface with a series of un- 
sightly pockets which are hard to keep clean. With welded steel 
it may be possible to make this same surface a box section with 
straight and smooth surfaces which can be kept clean with a 
minimum of care and is pleasing in appearance. A comparison 
of welded construction and riveted construction of a ladle is 
shown in Fig. 1 while a comparison of a welded and a cast machine 
tool is shown in Fig. 2. There may be certain parts of the con- 
struction which become too complicated to work out economically 
in welded steel, but which are easily made in a casting. For 
these parts a small steel casting can be made and welded into th 
large welded-steel member. This type of construction is illus- 
trated in Figs. 3 and 4. 

The thickness of the material to be used throughout the 
structure and the amount of welding necessary can be determined 
from an analysis similar to that made by a structural designer in 
determining the sizes of various members and the joints. The 
authors have no fixed rule that certain thicknesses of plate require 
welds of a certain size or shape. They sometimes find that s 
certain thickness of plate may be sufficient to carry the loads 
but not sufficient to enable the welder to build up the required 
shape and size of weld. In a case like this the thickness of the 
plate may be increased or the design may be changed to meet 
the welding requirements. 

In designing for rigidity rather than strength, it should be kept 
in mind that the modulus of elasticity of steel is twice that o! 
cast iron, that is, it is twice as stiff. 

Too much welding can have disadvantages. The deposited 
weld metal is a very expensive material, costing from $0.50 
$1 or more a pound, based on the rod used to make the weld. 
Thus, excessive welding runs up the cost with no compensating 
advantage. As the weld metal cools it tends to contract, 8° that 
the whole structure assumes a distorted shape, and the more 
weld metal there is the greater this distortion will be. The stress 
in these welds tend to relieve themselves with age and the whole 
structure goes back to its original undistorted shape. In a stu“ 
ture, in which for some reason the welding stresses are not 
relieved and in which accurate permanent shape is necessary, an 
excessive amount of welding can be of considerable disadvantage: 








a 


er, 


ch 
her 
to 


ner 
der 
3 of 
size 
by 
can 
ped 
y to 
By 
and 
duc- 
tter 
lity, 
tion 
and 
 un- 
steel 
with 
ith a 
rison 
lle is 
chin¢ 
: COn- 
ically 
For 
to the 


illus- 


it the 
mined 
mer in 

The 
equire 
that a 
; loads 
quired 
of the 


9 meet 


be kept 
that o! 


pt ygi ted 


).50 t 


tresses 
whole 
struc- 
re Mm it 
Ary; an 
tage 








ant 


\O 


oO 


WELDING HEAVY MACHINERY 





Fig. 1 Werupep anv Riverep Stree.t-Miii Lapies 


(The two ladles are approximately the same size but the welded ladle is 33 per cent lighter than the riveted construction. 
yressed are highly stressed and there was not room to develop sufficient welding. 


ladle into which the trunnions are f 


tained by a combination of welding and riveting. 


Occasionally in highly stressed structures there may be diffi- 
culty in getting the necessary amount of welding in the space 
available. There are various ways of circumventing this diffi- 
culty. The amount of welding along the edge of the plate can be 
increased by serrating the edge. Another scheme is to plug 
weld, which is punching or drilling holes through one plate of 
an overlapping pair and filling the holes with weld metal. These 
welds are rather uncertain and are not to be recommended be- 
cause it is difficult to obtain adequate penetration at the bottom 
and between successive layers of weld, and to work out the slag 
as the welding proceeds when holes are small and metal is thick. 
A combination of welding and rivets and fitted pins or bolts 
can be used. Strenuous objections have been made to the use 
of this type of joint on the basis that it is not theoretically cor- 
rect, which is true. However, a riveted joint with three or more 
rivets in line is just as incorrect, and yet we do know that it is 
satisfactory in spite of theory. Very few joints other than a 
welded butt joint will stand a rigid theoretical analysis. 

Sometimes it is desirable to use two or more kinds of material 
in one structure, as, for example, in the case of the gear blank 
shown in Fig. 5 where high-carbon or alloy steel is used in 
combination with low-carbon steel. Such combinations are im- 
possible in a casting. However, the structure can be made either 
of a compromise material or separate pieces of the different 
materials fastened together in some more or less expensive man- 
ner. 

But with welding, various materials can be combined into one 
piece, the only limitations being to find a welding rod which can 
be used satisfactorily to bond the various materials and to use 
materials which have sufficiently similar properties, such as 
modulus of elasticity or coefficient of expansion, for the service 
‘or which they are intended. 

When the authors have the alternative of using either light 
Sections reinforced with ribs, gussets and knee braces, or heavier 
—— which do not require these small braces, the heavier 
hiked ee preferred. Such little braces are expensive, 
the re des: - e he welds around them tidy, and they spoil 

‘rance of what would otherwise be large clean surfaces. 


The pads of the welded 
The necessary strength was ob- 


The weiding stresses were relieved at approximately 1200 F to obtain maximum strengt! 
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The authors do not advise the building up, peening, chipping 
or grinding of welds to make them look like, say, large fillets on a 
casting. This is a matter of individual taste, but the authors 
believe that a well-made weld has sufficient beauty of its own and 
that it is not necessary to try to make it look like something else 
If the weld is not chipped or peened the inspector has a better 
opportunity for a surface examination, which is often the only 
inspection possible to determine the workmanship of a finished 
weld. Peening to smooth the weld may temporarily cover up 
certain defects such as porosity and unevenness. Wher 


not 
skillfully done it may mutilate the weld to a point wher 


its 
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strength is seriously impaired. On the other hand, there are 
certain kinds of work where the natural roughness in the surface 
of the weld is not desirable, in which case the proper thing to do 
is to grind, chip, or peen the welds to get the appearance desired, 
or the surfaces can be smoothed with filler before the final 
painting. 

In designing and fabricating welded work the authors consider 
only the possibilities and limitations of the welding process and do 





Fie. 3 Wexupep Gear Case THE INTRICATELY SHAPED BEARINGS OF 
Waicu Are Street Castings WELDED INTO THE ROLLED-STEEL 
FRAME 
(The main frame of the gear case was annealed at 1200 F to relieve stresses 
and to prevent distortion during and after machining. The cover is of thin 
plates and was not annealed, but the design was worked out so that slight 
distortion of the cover would not affect the alignment of the principal mem- 

bers.) 





Fic.4 Frame ror SHear Mape or Heavy Rouitep PLiates WITH 
THE Top-BEeEARING Steet CastTiInc Weipep INTo PLACE 


not limit the size, shape, and appearance of a structure to what 
ean be made by another process. In this way it is possible not 
only to get the most economical results but often to get better 
strength and appearance than can be obtained in any other 
way. This is illustrated in Figs. 6 and 7. 


Srress RELIEVING WELDED STRUCTURES 


The question of relieving the locked-up stresses in the welds 


is one in which there are great differences of opinion as to neces. 
sity, desirability, and methods for accomplishing it. 

As stated before, weld metal tends to decrease in volume op 
cooling and is restrained from doing so by the parent metal. This 
sets up stresses both in the weld and the parent metal and pulls 
the entire structure out of shape until an equilibrium of stresses 
is established throughout the structure. These stresses decrease 
and disappear in time in a manner similar to the way the stresses 
in castings are relieved by aging. As the stresses decrease the 
shape of the structure changes until the strains finally disappear 

When a welded structure in a state of strain is machined and 
some of the metal is taken away, the previous equilibrium js 
destroyed and a new one set up, accompanied by a change in 
shape of the entire structure, so that it may be impossible to 
machine such a piece satisfactorily. 

When weld metal is in a state of strain its efficiency as a joining 
material is impaired. 





Fig.5 Wextpep Gear BLank Wirx Huss or Forcep STeet, Wz3 
Members or 0.20 CarBoN-STEEL PLATE, anp Rim oF 0.45 CaRson- 
Stree. PLaTEe 


When accurate dimensions or maximum strength is necessary 
the internal stresses in the weld metal should be removed in some 
manner before any machine work is done. These stresses can be 
removed in two ways: (1) By cold working or peening the 
weld metal to decrease its volume to what it would be if there 
were no strains in it, and (2) by heating it to a sufficiently high 
temperature for a sufficient length of time, which is simply 
accelerated aging process. 

To relieve the stresses by heating, the terms “annealing” and 
“normalizing” are used occasionally without further explanatio.. 
“Annealing” is a general term for a number of heating and cooling 
operations through a wide range of temperatures to accomplish 
a variety of purposes, one of which does happen to be the relieving 
of stresses. “Normalizing” is a more definite term which hss 
little, if anything, to do with relieving the stresses. In time ™ 
will probably arrive at some better agreement as to how stress 
should be relieved and coin some terms to describe th 
Most often when the term “annealing” is used it is intendee that 
the stresses in the welding should be relieved by heating 
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Fic. 6 Brioominc-MiLt Encine FRAME 


The welded frame was fabricated to replace castings which had broken and 
for which expensive patterns were no longer in existence. The principal 
members of the frame are box sections designed to give maximum strength 


The bearings are castings welded into the rolled-steel plate. The frame 
was annealed at 1200 F.) 
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casionally, annealing is required for other reasons, such as to 
produce a definite microstructure in the steel, in which case 
specific directions for annealing should be given because each 
reason for annealing requires a treatment different from that 
used to relieve the stresses 

The peening of welds is an uncertain method of relieving 
stresses because it is difficult to tell just when the right amount 
of peening has been done. If the weld is not peened sufficiently 
the effect that is desired is not obtained; if it is overdone, tension 
stresses in the weld metal are simply changed to compression 
stresses, and in addition the weld metal may have been damaged 
The process is useful, however, because there are often times 
where it is impractical or impossible to relieve the stresses in 
any other manner, but when it is used its limitations and un- 
certainties should be kept in mind. 

The safest procedure is to heat the welded object in a furnace 
to a sufficiently high temperature for a sufficient length of time 
For machinery or similar parts the details of the heating process 
can hardly be expressed by a simple rigid formula. In the 
A.S.M.E. and A.P.I. codes for pressure vessels the rule given is 
to heat the object to about 1200 F and hold it at this temperature 
for one hour for each inch of 
thickness. The heat is to be 
raised at the rate of not over 
400 F per hr divided by the 
thickness of the metal in inches, 
in no case faster than 400 F 
per hr; and the cooling is to be 
done no faster than 500 F per 
hr divided by the metal thick 
ness in inches, and in no case 
more than 500 F per hr. The 
vessels for which these very 
definite rules have been formu- 
lated are of the same kind of 
material, low-carbon steel. The 
welds are solid continuous 
welds through the metal, 
and the metal throughout the 
entire structure has little varia- 
tion in thickness and, therefore, 
requires practically uniform 
treatment. 

A welded machine part may be of almost any size or shape, 
several materials of a variety of metallurgical natures may be 
welded together in one structure, and there may be a wide ratio 
of thickness between the thinnest and thickest sections. It can, 
therefore, be seen that the stress-relieving treatment for any 
individual piece, especially of the type shown in Fig. 8, must be a 
matter of experience and good judgment. For example, if a 
casting 6 in. thick is welded to plates 0.75 in. thick with welds 
0.75 in. deep, it should not be necessary to heat the object at a 
rate of less than 100 F per hr and hold it in the furnace at 1200 
F for 6 hr in accordance with the pressure-vessel formula. It 
should be brought up to heat more slowly than would be permis- 
sible if all the sections were 0.75 in. thick, to allow the heat to 
penetrate the thick casting without overheating the thin plate, 
and held at high temperature for a longer time than would 
ordinarily be required for welds 0.75 in. deep. 

Trouble is often encountered when relieving the stresses. Larg: 
thin plates without stiffeners along the edges attached to heavier 
members bend during welding, and then during heat-treatment 
they buckle before the heavier members are hot due to the 
heat and locked-up stresses. Other large pieces may be of such 
size and shape that no matter how they are supported in the 
furnace they may get out of shape during the heating and cooling 
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process and come out in worse condition than when they go in. 
Straightening is difficult and it is often advisable to permit the 
structure to remain as it comes from the furnace. Sometimes the 
structure assumes such a distorted shape even with the most 
careful treatment that it must be straightened. Experience has 
shown that such problems can be overcome only by properly 
designing the structure in the first place with permanent or 
temporary stiffeners, or by changing the shape so that the effect 
of the welding stresses will be a minimum, or by changing the 
amount of welding. In changing the amount of welding, the 
minimum permissible amount is deposited at one point while 
more than is actually required for strength is deposited at another 
point in order to balance the stresses throughout the structure so 
that its shape will not change appreciably during fabrication and 
heat-treating. 

Sometimes the metallurgical structure of some of the materials 
used in a welded fabricated structure becomes damaged in forming 
or welding it. When this object is placed in the furnace, the 
problem is not only that of relieving the welding stresses, but 
also of furnishing additional heat-treatment to obtain the cor- 
rect metallurgical structure of the material. 


October 


For example, a piece of 0.20 carbon steel is harmed little, if 
any, by hot or cold forming or by the welding process, byt , 
piece of 0.50 carbon steel may be seriously damaged metallurgj. 
cally in both the forming and welding. Heating to 1200 F would 
relieve the welding stresses in either piece, but to correct metal. 
lurgical changes in the 0.50 carbon piece it may be necessary to 
normalize it at 1500 F instead of annealing at 1200 F. For atrees 
relieving only it is best to keep the temperature around 1200 F. 
Steel under about 0.30 carbon heated to 1200 F will machine 
satisfactorily and there will be no scale on the surface, but jf 
heated to much over this it will not machine so smocthly and 
the surface will be covered with a heavy scale which is expensive 
to clean off and spoils its appearance. 

Except for the simplest welding jobs no general formula for 
relieving the welding stresses is possible. The welding stresses 
will relieve themselves in time at ordinary temperatures. Heat- 
ing will accelerate this process. At 1200 F, the time required to 
relieve these stresses is measured in hours. Heat-treatment jn 
excess of 1200 F, if it is not necessary for some other reason 
than simply for relieving the stresses, may do more harm than 
good. 


Welding Alloy Steels 


By A. B. KINZEL,! NEW YORK, N. Y. 


The welding of alloy steels is treated under three general 
headings; the low-alloy steels for general structural pur- 
poses, the heat-treated steels of the automotive type for 
machines and general engineering, and the high-alloy 
steels, such as stainless, for use in the chemical industries 
and the like. The effect of welding heat on metal adjacent 
to the weld proper and the intensity of internal stresses to 
be expected with joints of various design and various weld- 
ing practices are discussed. It is shown that the butt weld 
has definite advantages from the engineering standpoint. 
The welding of heat-treated steels with austenitic welding 
rod and the welding of stainless steels with columbium- 
bearing welding rod are recent developments of note. 


1 Chief Metallurgist, Union Carbide and Carbon Research Labora- 


tories, Inc. Dr. Kinzel was graduated from Columbia University, 
Massachusetts Institute of Technology, and the University of Nancy, 
France, where he received the degree of doctor of science. In 1926, 
after several years of practical experience as metallurgist, consultant, 
and lecturer in advanced courses in metallurgy at Temple University, 
Dr. Kinzel joined the Union Carbide and Carbon Research Labora- 
tories, Inc., and was made chief metallurgist in 1931. He is the 
author of many papers on testing and welding of metals, on metal- 
lurgy and physical chemistry of steel making, on composition, physi- 
cal properties and uses of alloy steels, and on applied mechanics. 
He holds many patents in these fields. Besides being past chairman 
of the Iron and Steel Division of the American Institute of Mining 
and Metallurgical Engineers, he is at present chairman of the Section 
on Tests for Ductility, A.S.T.M., chairman of the Advisory Com- 
mittee of Dynamic Testing Laboratories, M.I.T., and a member of 
the International Commission for Acetylene and Welding. 

Contributed for presentation at the Welding-Practice Symposium 
sponsored jointly by Tue American Socrety or MEcHANICAL 
ENGINEERS and The American Welding Society to be held at Cleve- 
land, Ohio, October 22 and 23, 1936. 

Discussion of this paper should be addressed to the Secretary, 
A.S.M.E., 29 West 39th Street, New York, N. Y., and will be ac- 
cepted until December 10, 1936, for publication at a later date. 
Discussion received after the closing date will be returned. 

Nore: Statements and opinions advanced in papers are to be 
understood as individual expressions of their authors, and not those 
of the Society. 


S engineering progresses, the use of specific materials 
Aw adapted to a given engineering purpose increases at 

a rate in keeping with the spirit of modern times. The 
ferrous materials having such specific properties are found 
almost exclusively in the category of alloy steels. Increased 
strength, corrosion resistance, wear resistance, and ease of 
fabrication are among the specific characteristics achieved to a 
greater degree by alloy steels. Not the least important problem 
in the use of these materials involves the ability to produce 
welded members or structures in which the welded joints have all 
the specific desirable features of the alloy steel proper. 

Many of the recent types of alloy steels may be classified under 
the generic term, “low-alloy, high-strength.’”’ Steels to meet 
specifications involving 75,000 and 90,000 Ib per sq in. minimum 
ultimate strength, together with ease of fabrication and good 
weldability, have been developed to a remarkable state of perfec- 
tion during the past few years. Practically every steel company 
producing structural plate and sheet now offers a high-strength 
steel involving a low-alloy combination. The combinations of 
alloys in these steels differ widely but each of them successfully 
meets the requirement. 

Low-alloy, high-strength steels as such are not new, having 
been used in bridges and special structural work for many years. 
The modern high-strength, low-alloy steels differ from their 
predecessors in that they may be welded without seriously affect- 
ing the metal next to the weld proper. This result is achieved 
through the use of chromium, manganese, or nickel, or some 
combination of these elements with silicon, vanadium, molyb- 
denum, phosphorus, or copper, with carbon at a low level. 
From the fabricating standpoint it matters little which combina 
tion is used, providing that the alloy content is well-balanced ané 
physical properties attained with carbon at 0.14 per cent or less 
in the 75,000 Ib per sq in. grade and 0.22 per cent or less in the 
90,000 Ib per sq in. grades. 

It is significant that almost without exception th 
low-alloy, high-strength American steels approximating 
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Ib per sq in. minimum tensile strength are obtained with carbon 
at 0.14 per cent or less, and the steels with a minimum ultimate 
strength of 90,000 lb per sq in. result from approximately 0.20 
per cent carbon. Most of the low-alloy steel brands on the 
market today are made in both carbon ranges and follow this 
basic principle: The lower the carbon for a given strength, the 
higher the ductility and the lower the susceptibility to hardening 
under the heat-treating conditions imposed by various types of 
welding. 

The welding of the steels in question presents problems com- 
mon to them all. The first of these deals with the fluidity of the 
metal and the nature of the oxide and slag covering produced 
during the welding operation. The alloy content of each of the 
current low-alloy steels is sufficiently low so that no difficulty is 
evidenced on this score and the flowing properties and control- 
lability of the weld puddle when using any of the better standard 
welding rods or electrodes are satisfactory for general-purpose 
welding. The problem which has been given the most serious 
consideration by the steel makers in their choice of analysis 
involves the air hardening of the steel in the zone adjacent to 
the weld. This air hardening may be definitely correlated with 
the carbon content and the ultimate strength of the steel. In 
general no difficulties are encountered due to the air hardening 
of steels containing 0.14 per cent or less carbon and having an 
ultimate strength less than 80,000 Ib per sq in. as any increase 
in hardness due to the heat effect of welding is negligible. In 
the higher strength steels, with carbon at approximately 0.20 
per cent, the air-hardening problem becomes serious with certain 
types of welding and must ‘be given special attention. 

It is significant that European development of low-alloy steels 
which has paralleled the American development in most respects 
differs from it radically in that a minimum ultimate strength of 
73,000 Ib per sq in. is specified and the 90,000 Ib per sq in. grade 
is not currently manufactured and is not approved for use in 
general structural work in Europe. With the higher carbon 
grade the rate of cooling common to many welding operations is 
such that the allotropic transformation temperature of the steel 
is lowered to a point at which a hard structure is produced. 
This structure carries with it proportionate lowering of ductility 
so that in many cases a tempering treatment is requisite. 

Residual internal stress is another problem involved in the 
welding of low-alloy steels which is definitely correlated with the 
air-hardening properties. This is of particular concern in the 
higher strength materials and a stress-relieving treatment which 
at the same time acts as a tempering treatment is frequently 
employed. Even the alloy steels in the 75,000 lb per sq in. 
class with carbon at 0.14 per cent or less which do not require 
tempering may, under certain welding conditions, require a stress- 
relieving treatment. It is well known that the zone involving 
temperatures from approximately 450 deg to the transformation 
temperature acts to relieve stress, combining as it does within 
its limits the standard stress-relieving temperature of 500 C. 
The upper limit of this zone is determined by the critical tem- 
perature of the steel on cooling and the width of the zone is 
determined by the temperature gradient involved in the welding 
operation. Moreover, the temperature of transformation is 

not only a function of the analysis of the steel but is further a 
‘unction of the temperature gradient; the steeper this gradient, 
the lower the temperature of transformation, although the rela- 
Hon is not linear. 

From the foregoing it will be seen that for a steel which pos- 
Sesses predetermined air-hardening properties, the magnitude of 
the stress-relieving zone on welding will be determined largely by 
the temperature gradient. With this in mind consideration of 
various types of welding and types of joints is in order. 
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rom this point of view the gas-welded butt joint is the most 





WELDING ALLOY STEELS 77 


j 


satisfactory as the temperature gradient is less steep than with 
any other type of fusion welding currently in use. This is due 
to the fact that an appreciable portion of the plate metal is 
heated to the stress-relieving temperature zone so that the rate 
of cooling of any point next to the weld is definitely lowered 
Electric arc-welded butt joints come next in the list. Here a 
small but definite zone next to the weld is heated above 500 C 
and this zone parallels the full thickness of the weld. The 
temperature gradient produced under these conditions, while 
steep, is of a much lower order of magnitude than that produced 
in any fillet joint. Fillet joints, due to their mechanical nature, 
carry temperature gradients far in excess of those obtained in 
the butt joints. Fillet joints, gas-welded, comprise but a small 
amount of metal at the edge of the fillet which has been heated 
above 500 C and electric-welded fillet joints comprise a still 
smaller cross-sectional area of metal at this temperature. In 
both instances the heat is transferred from a small area at the 
edge of the weld to the full thickness of the plate proper. The 
net result is to set up very steep gradients. 

To summarize briefly, gas-welded butt joints are least prone 
to air hardening and are relatively free from internal stresses 
Electric-welded butt joints are prone to air hardening when 
welding 90,000-lb steel and are subject to important internal 
stresses even when welding 75,000 Ib per sq in. steel. The 
degree of this internal stress depends upon the mechanical 
design and location of the joint. All fillet welds tend to air 
harden to some degree. The amount of air hardening produced 
with gas or electric welding is small with a 75,000 lb per sq in. 
steel but with the 90,000-lb steel both gas and electric fillet 
welding produce air hardening to an appreciable degree. In gas- 
welded fillet joints the internal stress produced in 75,000 lb per sq 
in. steel is not serious but in electric-welded fillet joints in 75,000 
Ib per sq in. steel these stresses may be of sufficient importance to 
require stress relieving. Both gas- and electric-welded fillet 
joints in 90,000 lb per sq in. steel result in internal stresses 
making stress relieving mandatory in most instances. 

Another factor involved in stress relieving which pertains 
particularly to low-alloy steels is comprised in the mechanism 
of stress relieving. Presumably stress relief takes place by 
plastic deformation of the metal and the rate of plastic deforma- 
tion may be quantitatively indicated by short-time elastic limit 
or by creep values and the higher these values the less the def- 
ormation for a given stress. In the low-alloy high-tensile steels 
current today both of these values are higher than in carbon steels 
of equivalent tensile strength so that for a given temperature 
gradient a more severe internal-stress condition is to be expected. 

Still another factor pertaining to internal stresses involves 
stress relieving by elastic deformation. This can only be effec- 
tive if the flexural rigidity of the article or member is such as to 
allow local elastic deformation. This implies first that the 
member be constructed of thin material such as sheet metal and 
second that the form of the member be such as to allow the 
required motion without producing second-dimension stresses 
which exert undue restraint. A long, large-diameter sheet- 
metal cylinder is illustrative of the type of article in which stress 
relieving by stress distribution over a larger area due to elastic 
deformation is an important factor and a sphere of stéel plate is 
illustrative of the type in which this plays a negligible réle. 

This discussion on internal stresses and air hardening is not 
intended to alarm the designing engineer but rather to point 
out that the problem does exist, that it does require considera- 
tion, and further, to point out those types of welding and types 
of steel to which most consideration must be given. The exist- 
ence of thousands of feet of welding of all types in a wide variety 
of structures and applications is fitting testimony to the adequate 
consideration which fabricators have given to this problem 
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One other feature should also be stressed in this connection, 
namely, that the ductility of the base metal in the 75,000 lb per 
sq in. steels is so great that the most severe internal stresses are 
frequently relieved by room-temperature plastic deformation of 
the base metal proper. Thus these low-alloy 75,000 lb per sq in. 
steels have been aptly designated as fool-proof from the welding 
standpoint. The 90,000 Ib per sq in. steels must, however, be 
used with discretion when welded structures are involved and 
whenever possible the stress-relieving tempering treatment 
should be applied to welded structures of these steels. 

With the object of obtaining increased corrosion resistance, 
many of the low-alloy steels on the market today contain '/; per 
cent or more of copper. This element not only aids corrosion 
resistance but also provides a moderate increase in tensile 
strength in the as-rolled condition. A further increase in tensile 
strength involving some 15,000 to 20,000 Ib per sq in. may be 
obtained by heat-treating these steels in such a manner as to 
precipitate the copper from solid solution. However, the tem- 
perature range in which this precipitation is effective is compara- 
tively narrow. The effect is completely destroyed by welding 
and if the copper is reprecipitated after welding the user con- 
tinually faces the risk of losing the strength by local heating 
of the object in question after it has left the fabricator’s hands. 
This local heating may occur accidentally or by intent in con- 
nection with repairs or minor alterations. As a result, conserva- 
tive engineers and metallurgists have taken the position that the 
increased strength due to copper precipitation is not to be used 
in design. 

While the low-alloy structural steels are of greatest interest at 
the moment, other alloy steels are also currently welded. Heat- 
treated S.A.E. steels may be joined by welding but in all cases 
a subsequent heat-treatment is necessary to insure optimum 
physical properties. The welding rod used to join these steels 
may be of the same analysis as the steel proper, but it is usual 
to use welding rods designed for optimum flowing properties, 
combined with satisfactory response to heat-treatment. It is 
quite common to weld chromium-nickel steel with chromium- 
molybdenum rod, or nickel-molybdenum steel with chromium- 
manganese-silicon rod. There seems to be very little advantage 
in using a rod of the same composition as the steel as this is only 
one way of fulfilling the single requirement that the response 
to heat-treatment of the deposited metal be of the same character 
as that of the metal being joined. The use of specially designed 
welding-rod analysis fulfills this requirement as well as the 
additional requirements imposed by the welding operation. 

The welding of special steels in which corrosion and oxidation 
resistance rather than physical properties are the prime charac- 
teristics presents a special case. Here it is necessary to have 
weld metal containing sufficient of the proper alloying ingredients 
to impart at least the same degree of chemical stability to the 
weld as is obtained in the base metal. However, even this 
requirement may be waived in special cases where the joints are 


October 


so located as to receive preferential treatment with respect to 
chemical attack or in which the reinforcement of the weld metg) 
is so heavy that a greater rate of chemical attack may be tolerated. 
For example, 4 to 6 per cent chromium steel may be welded with 
4 to 6 per cent chromium-steel rod, but in many cases chromium. 
molybdenum rod, containing only 1 per cent chromium, has been 
found to be satisfactory. 

Where heat-treatment following welding is not possible, the 
use of austenitic welding rod for joining ferritic steel is to be cop. 
sidered. This practice is now current in Europe. Welding rod 
containing 25 per cent chromium and 12 per cent nickel, or 
modifications of this analysis, which will result in austenitic 
deposited weld metal, gives such high ductility that interna) 
stresses in the weld and adjacent base metal are reduced a 
very great degree. In addition this metal is supposed to protect 
adjacent metal from shock. In all such welding there wil] 
obviously exist a narrow zone of intermediate alloy content 
which will be martensitic in character and which will accordingly 
be definitely brittle. However, experience indicates that this 
zone is so narrow and is sufficiently discontinuous as to not 
affect the physical properties of the joint as a whole. Only 
further experience will tell whether this discontinuity together 
with the protection afforded by the weld metal proper can be 
adequately relied upon for engineering structures, but the 
experience to date is all in favor of this type of joint in those 
instances where the high cost of the welding rod can be 
tolerated. 

The welding of austenitic stainless steel of the 18-8 type is 
another special case having wide ramifications. In such welding 
a specific phenomenon peculiar to austenitic steels is involved, 
namely, a precipitation in the temperature zone approximating 
550 C immediately adjacent to the weld, which zone is rendered 
highly susceptible to chemical attack by this precipitation. A 
complete solution of the problem has been found in the addition 
of columbium to the low-carbon austenitic steels and in the use 
of columbium containing welding rod. Columbium in th 
welding rod renders the deposited metal free from the precipita- 
tion and attack in question and makes possible crossed welds in 
which every point is as free from corrosion as the bese metal 
proper. This is due to the fact that the carbide-forming propen- 
sities of columbium prevent precipitation from solution in thi 
temperature zone in question and the rate of oxidation of colum- 
bium is sufficiently low so that it can be adequately protected by 
a small amount of silicon in the welding rod proper. Thus the 
resulting deposited metal containing columbium uncombined 
with oxygen is clean, and free from intergranular corrosion 

From all this it will be seen that the welding of alloy steels 
resolves itself into a series of specific problems, that in each case 
these problems have been studied and solved, and that in the 
case of low-alloy steels, and austenitic stainless steels in par- 
ticular, the solutions have been so successful that they may be 
considered to result in fool-proof welding steels and practices. 
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PROGRAM 
THE AMERICAN WELDING SOCIETY 
SEVENTEENTH ANNUAL MEETING 


OCTOBER 19-23, 1936, CLEVELAND, OHIO 


Headquarters for Technical Sessions and Committee 
Meetings—Hotel Cleveland 


Exposition—Cleveland Public Auditorium 
Monday, October 19th 


Morning 


9:45 A.M. Business Session—Ball Room. 
President J. J. Crowe, presiding 
Report on Society Activities by President Crowe. 
Teller’s Report on Election of Officers. 
Award of Samuel Wylie Miller Memorial Medal. 
Review of Committee and Section Activities by 
Chairmen. 
Discussion. 


Afternoon 


2:00 P.M. Technical Session—Ball Room. 
A. E. Gibson, Chairman, The Wellman Engineering 
Company. 
E. Vom Steeg, Vice-Chairman, General Electric Com- 
pany. 
Welcome address by local official. 
2:30 P.M. “Fundamentals of Metallurgy of Weld- 
ing,’’ by E. S. Davenport and Dr. R. H. Aborn, 
United States Steel Corporation. 
3:00 P.M. ‘‘Multi-Layer Oxyacetylene Pipe Weld- 
ing,” by R. M. Rooke, F. C. Saacke and A. N. 
Kugler, Air Reduction Sales Company. 
‘50 P.M. High speed motion pictures of various 
welding processes, by E. Vom Steeg, General Elec- 
tric Company; W. E. Crawford and Walter Richter, 
A. QO. Smith Corporation. 


Evening 


6:30 P.M. Board of Directors’ Meeting—Rooms 1 
and 3 Mezzanine Floor. 


Dinner followed by Meeting. 


Review of Society Activities, appointment of commit- 
tees and officers, new business. 


Tuesday, October 20th 


Morning 


9:45 A.M. Technical Session—Ball Room. 

H. M. Boylston, Chairman, Case School of Applied 
Science, 

E. R. Fish, Vice-( ‘hairman, The Hartford Steam 
Boiler Inspection & Insurance Company. 

¥:45 A.M. “Heating by the Proximity Effect,” by 

_ Edward Bennett, The University of Wisconsin. 

10:40 A.M. “Impact Tests of Welds at Low Tem- 


See by Otto Henry, Brooklyn Polytechnic In- 
sutute. 
‘1:20 A.M. “Characteristics of a Universal Welding 


er igi by N. F. Ward, University of Calli- 
Ornia. 


Afternoon 


2:00 P.M. Technical Session—Ball Room. 

H. W. Gillett, Chairman, Battelle Memorial Institute. 
R. E. Kinkead, Vice-Chairman, Consulting Engineer. 
2:00 P.M. ‘‘Welded Beam-Column Connections,”’ 
by Inge Lyse and G. J. Gibson Fritz Engineering 
Laboratory, Lehigh University. 

2:45 P.M. “Circuit Characteristics and Are Sta- 
bility,” by S. C. Osborne, Wilson Welder and 
Metals Co., Inc. 

3:30 P.M. “Welded Structural Brackets,”’ by C. D. 
Jensen, Lehigh University. 


Evening 
7:30 P.M. Conference and Meeting of Fundamental 
Research Committee, Bureau of Welding Research 
and Engineering Foundation, Rose Room. 
H. M. Hobart, Chairman, General Electric Company. 
This conference is scheduled for university research 
workers in the fundamentals of welding 


Wednesday, October 21st 


Morning 


9:45 A.M. Technical Session—Ball Room. 

A. F. Davis, Chairman, The Lincoln Electric Com 
pany. 

C. A. McCune, Vice-Chairman, Magnaflux Corpora 
tion. 

9:45 A.M. “Brazing with Silver Solders,’’ by Robert 
H. Leach, Handy & Harman. 

10:20 A.M. “Importance of Design Control for 
Welded Piping Systems,’’ by T. W. Greene, The 
Linde Air Products Company. 

11:00 A.M. “Principles of Surfacing by Welding,”’ 
by E. W. P. Smith, The Lincoln Electric Company. 

11:30 A.M. “Technique for Resistance Welding 
Ferrous and Non-Ferrous Sheet Metals,” by E. I. 
Larsen, P. R. Mallory & Co. 


Afternoon 


2:00 P.M. Technical Session—Ball Room. 

Hugh H. Dyar, Chairman, The Linde Air Products 
Company. 

J. B. Tinnon, Vice-Chairman, Metal and Thermit 

Corporation. 

2:00 P.M. “Procedures for Control of Welding 
Parts,’’ by G. H. Moore, Jr., Newport News Ship 
building and Dry Dock Company. 

2:40 P.M. “Welding Copper and Its Alloys—A Re 
view of the Literature,’ by Ira T. Hook, American 
Brass Company. 

3:20 P.M. “Resistance Welding of Dissimilar Met 
als,’’ by R. T. Gillette, General Electric Co. 

4:00 P.M. “Thermit Welding,’ by J. H. Deppeler, 
Metal & Thermit Corporation. 


~ 
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Wednesday, October 21st (Continued) 


4:30 P.M. “An Exploration of a Modern Metallic 
Are,’ by L. J. Larson, A. O. Smith Corporation. 
10:00 P.M. Stag Affair—Entertainment and Refresh- 

ments—Alpine Village. 


Thursday, October 22nd 
Morning 


9:45 A.M. Joint Session American Welding Society 
with American Society of Mechanical Engineers— 
Ball Room. 

C. W. Obert, Chairman, Union Carbide & Carbon 
Research Labs., Inc. 

Milton Male, Vice-Chairman, 
Corporation. 

“Welding Design,” 
Elec. & Mfg. Co. 

‘Alloy Steels and Their Weldability,’”’ by A. B. Kin- 
zel, Union Carbide and Carbon Research Labs. 

“Welding of Alloy Steels,” by W. L. Warner, Water- 
town Arsenal. 


United States Steel 


by C. H. Jennings, Westinghouse 


Afternoon 


:00 P.M. Joint Session American Welding Society 
with American Society of Mechanical Engineers— 
Ball Room 

H. F. Henriques, 
Company. 

S. M. Weckstein, 
Bearing Company. 

‘Rolled Steel in Machine Construction 
Marsh, Carnegie Steel Co. 

“Welding Heavy Machinery and Equipment,’’ by 
C. A. Wills and F. L. Lindemuth, Wm. B. Pollock 
Company. 

Discussions by E. E. Tross, United Eng. & Foundry 
Co., Youngstown, Ohio, and F. O. Leitzell, Lewis 
Foundry & Machinery Co., Pittsburgh. 

‘“Modern Resistance Welding Developments of Lighter 
Products, Including Automobiles and Refrigerators,’ 
by A. E. Hackett, Thomson-Gibb Elec. Welding 
Co., Detroit, Mich. 


Chairman, Air Reduction Sales 


Vice-Chairman, Timken Roller 


.” by H. G. 


October 
Evening 


7:00 P.M. Dinner dance and entertainment—Ba) 
Room. 


Friday, October 23rd 


Meeting of the American Society of Mechanica] 
Engineers 


The A. W. S. has not arranged any technical sessions 
for Friday. Members of the A. W. S. are cordially 
invited to attend the sessions of the A. S. M. E 


Morning 
:30 A.M. Technical Session—Ball Room. 


A. E. Gibson, Chairman, Wellman Engineering Corp 
Guy Hubbard, Vice-Chairman, Penton Publishing Co, 
“Application of Copper Alloy Welding,” by I. T 
Hook, American Brass Co., Ansonia, Conn. 
“Welding of Monel Metal and Pure Nickel,” 
Flocke, and J. G. Schoener, 
Co., New York, N. Y. 
“Welding the Aluminum Alloys,’ by G. O. Hoglund 
Aluminum Co. of America, New Kensington, Pa. 


by F. A 
International Nickel 


Afternoon 
2:00 P.M. Technical Session—Ball Room. 


R. E. W. Harrison, Chairman, Machine Shop Practice 
Division, A. S. M. E. 

D. M. Gurney Vice-Chairman, Warner Swasey Co. 

“Casting or Welding in Machine Design,” by J. 1 
Brown, Industrial Motor Dept., Westinghous 
Elec. & Mfg. Co., E. Pittsburgh. 


“Radiographic Inspection of Welded Refinery Equip- 


ment and Steel Plate Construction,” by H. R 
Isenburger, St. John X-Ray Service, Long Island 
City, N. Y. 

Discussion of the Use of Magnaflux for Inspecting 
Welds, J. W. Yant, Standard Oil Co. of Indiana 
Whiting, Indiana; R. T. Cavanagh and G. E. Rath- 
bone, Fidelity & Casualty Co., New York City. 


INSPECTION TRIP—FRIDAY, OCTOBER 23rd 


Program of plant visitations available at A. W. S. Registration Desks. 


Members and 


visitors on tour will be guests of General Electric Company at its Nela Park Restaurant. 
Transportation Tickets $1.50 per person. 





IMPORTANT 


ALL Technical Sessions will positively start on time 
be late 


Don't 


No Stenotype Report—Members desiring to discuss papers are 
urgently requested to prepare discussion in writing in advance 
of the meeting and to send copies to headquarters as those 
preparing written discussion will be given preference at the 
sessions. Members and guests giving extemporaneous discus- 
sion at meeting should forward a written transcript of discus- 
sion as soon as possible after the meeting. 

Members and guests are urged to REGISTER immediately 
upon arrival at A. W. S. HEADQUARTERS and obtain Con- 
vention Badge admitting them to Exposition. 

NO REGISTRATION FEE but a charge of 50c (per member) 
and $1.00 (non-member) is made for Technical Session papers. 
Registration hours throughout week: 


Hotel Cleveland, Mezzanine Floor—9:30 A.M. to 5:00 P.M. 
Public Auditorium (at entrances)——-12:00 noon to 10:00 
P.M., except Thursday, when Exposition closes at 6:00 P.M. 











A. W. S. LADIES’ ENTERTAINMENT 


Registration and Reception—Rooms 34-36, Parlor Floor, 
Hotel Cleveland 
Registration Hours: Monday to Thursday, inclusive 
10 A.M. to Noon 
2:30 P.M. to 4:30 P.M. 


Program 


Monpbay, OcToOBER 19 
Tea, Empire Room, Parlor Floor, Hotel Cleveland 
TUESDAY, OCTOBER 20 
Luncheon and Fashion Show—Higbe: 
Grill Tea Room 
-Bus tour of East Cleveland, includes stop 
Museum of Art 
WEDNESDAY, OCTOBER 21 
Attend Matinee in Playhouse Theatre —‘Mer- 
rily We Roll Along” —Refreshments to follow 
Supper Party with Floor Show at Maylait 
Casino. 
THURSDAY, OCTOBER 22 
7:00 P.M.—Dinner Dance—Ball Room, Hotel Clevelan¢ 
There will be plenty of entertainment for Ladies, 
so be sure to bring them 


3:30 P.M. 
2:30 P.M. 


Silver 


30 P.M 
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SOCIETY AND RELATED ACTIVITIES 


WELDING EXPOSITION 


CLEVELAND PUBLIC AUDITORIUM 


The Exposition Opens Monday Noon, October 19th. 
Throughout the week the Exposition is open every day 
from noon until 10:00 P.M. except Thursday when it 
closes at 6:00 P.M. 


Welding Exhibitors 


BOOTH 
Aeten GOR ik ss os (acto CREA 22 Gis '0' N-46 
Air Reduction Sales Company............. G-7 
American Brass Company........... nica awe soe 
American Steel & Wire Co.—-with U. S. Steel Corp.. .G-15 
Bastian-Blessing Company....... Lee ar 
Colmonoy Company. . Sa Be ated an 5 he ‘a0 N-46 
Gas Products Co.—with National Cylinder Gas Co... . A-3 
tlt PS E-23 
ge gy ty oe ee D-27 
re ee or fe ee L-54 


with Union Carbide in 
Q-24, 0-26, O-30 and O-34 


Haynes-Stellite Co. 


BOOTH 
Hobart Brothers Co. B-15 
Hollup Corp.... C-21 
Lincoln Electric Co....... , F-23 
Line Air Products Co.—with Union Carbide 
Mallory & Co., Inc., P. R 0-45 
Metal & Thermit Corp. H-27 


National Cylinder Gas 3 
Page Steel & Wire Co. 22 
Roebling's Sons Co., J. A. 0-12 
Safety Gas Lighter Co. 33 
Stoody Company N-8 
Una Welding ,Inc.. . H-23 
Union Carbide Co. a 0-24, 0-26, O-30, O-3 

Weldit Acetylene M-16 


American Welding Society 
Welding Engineer 
Industry & Welding 





COMMITTEE MEETINGS 


Monday, October 19th 


8:30 A.M.—Speakers and Presiding Officers—Mezzanine 
1, breakfast 

12:30 P.M.—Nomenclature Committee, Mezzanine 3, 
luncheon 


12:30 P.M.—Manufacturers Committee—Mezzanine 1, 


luncheon 

6:30 P.M.—Directors—Mezzanine 1 and 3, dinner 
Tuesday, October 20th 

5:00 A.M.—International Acetylene Assn. Program 
Committee—Mezzanine 3, breakfast 

5:30 A.M.—Speakers and Presiding Officers—Mezzanine 


1, breakfast 
12:30 P.M. 
12:30 P.M. 


Buffet Luncheon for Members—Mezzanine 1 
Marine Committee—Mezzanine 1, luncheon 
12:30 P.M.—Oil Storage Tanks—Mezzanine 3, luncheon 


(:30 P.M.—Fundamental Research, Rose Room 


Wednesday, October 21st 


Speakers and Presiding Officers—Mezzanine 
1, breakfast 


5:30 A.M. 


( = . ° ° . 
3:45 A.M, —Radiograph Examination of Welded Joints 
Mezzanine 3 


12:30 P.M. 


‘Bridge Committee—Mezzanine 1, luncheon 


:30 P ies : : 
0) P.M.—Industrial Research—Mezzanine 1, dinner 


Ple, tahoe ’ ° . ° 
“ase take note! ALL meetings will be in Hotel Cleveland 


AMERICAN WELDING SOCIETY 
OFFICERS, 1936 


President 
J. J. CRowe 
Senior Vice-President 
E. R. Fisn 
Treasurer Secretary 
C. A. McCunE M. M. KELLY 
Technical Secretary and Editor 
W. SPRARAGEN 


1936 CONVENTION COMMITTEE 


C. A. McCunr, Chairman 
F. CONNELL R. P. TARBELL 
E. Vom STEEG me he 
M. M. Ketty, Secretary 


Scort 


Local Sub-Committees 


Reception—R. P. TARBELL, Chairman 


Technical Sessions—E. T. Scott, Chairman 
Inspection—A. L. PrerL 
Registration and Finances 

Exhibit—E. R. BENEDICT 


Ladies—Mrs. R. E. KINKEaAD, Chairman 


Mrs. M. R. Tayuor, Co-Chairman 
GEORGE A. 
Chairman 


Dinner and Entertainment 


E. T. Scott, Chairman 


MAURATH, 
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WELDING SOCIETY ACTIVITIES 
AND RELATED EVENTS 








Our New President 


Alfred E. Gibson, President-elect of 
the AMERICAN WELDING SOCIETY was born 
in Toronto, Canada. He is a graduate of 
the Ohio State University, Mechanical 
Engineering, 1909. He has been em- 
ployed by The Wellman Engineering 
Company since graduation. After two 
years work was made Superintendent of 
shop, he later became General Superin- 
tendent in charge of Cleveland and Akron 
Works 





Alfred E. Gibson 


In 1926 he became associated with Ful- 
ton Foundry & Machine Company as 
Vice-President and later President 

In 1928 he returned to Wellman as 
Works Manager later being made Vice- 
President in charge of engineering and 
shop production. Mr. Gibson is also a 
director of his company. In 1935 he was 
appointed Executive Vice-President 

Under Mr. Gibson’s direction, The 
Wellman Engineering Company has widely 
developed their welding operations. Their 
use of low alloy steels in welded construc- 
tion has been extensive, and Mr. Gibson is 
recognized for his research and investiga 
tion of the available low-alloy high 
strength steels 

Mr. Gibson is a member of the A. S 
M. E., the Society for Metals, and the 
Iron & Steel Engineers, as well as the 
AMERICAN WELDING SOCIETY 

Besides Mrs. Gibson, his family con 
sists of a daughter and two boys. Mr 


Gibson’s main hobby is cabinet making 
Many of his pieces have been exhibited in 
the May Shows of the Cleveland Museum 
of Art 

To Mr. Gibson belongs a great deal of 
credit in building up the membership of 
the SocrETy among the “Sustaining Mem- 
ber Grade.”’ 


New Officers 

The following officers were elected to 
serve for the year 1936-1937: 

President: A. E. Gibson, Wellman En- 
gineering Co 

Senior Vice-Pres E. R. Fish, The 
Hartford Steam Boiler Insp. & Ins. Co. 

Divisional Vice-Presidents (Term 2 
Years): New York and New England 
John H. Zimmerman. Middle Eastern 
R. D. Thomas. Middle Western—H. C 
Boardman 

Directors at Large (Term 3 years)—Ira 
T. Hook, G. A. Hughes, R. E. Kinkead, 
H.S. Smith, Andrew Vogel 


Authors of Annual Meeting Papers 


Co-Authors of “Multi-Layer Oxyacety 
lene Pipe Welding:”’ 

Frederick C. Saacke, Graduate of the 
Sibley School of Mechanical Engineer- 
ing, Cornell University, 1931. Instruc 
tor in Kinematics and Empirical De 
sign, Department of Machine Design, 
Cornell University 1930-1931 Tutor 
in Analytical Geometry, Integral and 
Differential Calculus, and Heat Power, 
Cascadilla Tutoring School, Ithaca, 
1930-1931 Apparatus Research and 
Development Department, Air Reduc- 
tion Sales Company 1931 to date 

Robert M. Rooke, Metal & Thermit 
Incorporated 1913-1917: U. S. Ordi 
nance Maintenance Company 1917 
1918; St. Lawrence Welding Company, 
Montreal, Canada, Supt.-In-Charge of 
Works, 1918-1919; Brooklyn Polytech 
nic College 1922-1924; Davis-Bournon- 
ville Company and Air Reduction Sales 
Company 1919 to date. 

A. N. Kugler, Graduate of Stevens In- 
stitute of Technology, class of 1925: 
degree Mechanical Engineer 1925 
1928, Barker & Wheeler, Consulting 
Engineers; design construction and 
valuation of public utility plants. 
1928-1929, RCA Photophone Inc.: 

installation engineer for talking motion 
picture equipment 1929-to date, Air 
Reduction Sales Company, Applied 
Engineering Department; welding en 


gineering particularly as it applies | 
welded piping. 


Author of Paper ‘Welded Structura| 
Brackets:”’ 

Cyril D. Jensen, Asst. Prof. of C.] 
Lehigh University, B.S. in C.E. Uni 
versity of Minn., 1931; M.S., Lehigh 
Univ. 1929; C.E., Univ. of Minn., 193] 
Has been experimenting with welding 
and studying weld design since 1927 
Most recent works are: Are Welding 
Under Water, JourRNAL of the A. W.S 
Oct. 1933; and Combined Stresses 
in Fillet Welds, JourNaL of the A 
W.S., Feb. 1934. Member of A. W.S 
A.S.T.M., and Sigma Xi (honorar 
research); and Assoc. Member 


A.3.C.E 


Author of Paper “The Princip! 
Surfacing by Welding:”’ 

E. W. P. Smith, has been conne 
with The Lincoln Electric Company 
for a number of years, at the present 
time being the Consulting Engineet 
prior to that being engaged in privat 
consulting practice and before that time 
Chief Engineer for The Lincoln Ek 
tric Company. Has had as client a 
number of larger manufacturers fror 
Chicago to the East Coast. Has been 
continuously engaged in advisory capa 
city for a good many years 


Author of Paper “Welding of Copper 
and Its Alloys—A Review of the Litera 
ture:”’ 

Ira T. Hook, author of the review 0! 
the Welding of Copper Alloys, has beer 
iuterested in welding since 1924. He 
has, during the intervening twelve 
years, made numerous investigations i 
the welding properties of copper alloys 
several of which investigations hav 
been reported to the Metal Congress 

The University of Michigan did its 
best to make a civil engineer out of hin 
giving him a Bachelor’s Degree in that 
honorable profession in 19 How 

ever, except for a summer at survé ying 
and a year and a half in the Army, ™ 
has been working along meta 
lines or teaching ever sinct 
physical test expert for the Gemese 
Motors Corp., teaching Strengt! © 
Materials at Yale University ane 
1923 on Research Work for the Amet 
can Brass Company 


Author of paper “An Exp! 
Modern Metallic Arc:’ 


. n<¢ nd 
L. J. Larson received a b.». 4 


ast OS 








—_— yw te 


Las 





degree from the University of Minne- 
sota, a M.S. degree from the University 
of Illinois in 1917. 

1917-1919—was Assistant Engineering 
Physicist of the Bureau of Standards. 

1920-1927—-was connected with the 
Engineering faculty of the University 
of Illinois, teaching mechanics, strength 
of materials and hydraulics. 

1927 to date—Research engineer in 
charge of arc welding developments of 
the A. O. Smith Corporation. 

He is a member of the AMERICAN 
Wextpinc Society, American Society of 
Civil Engineers, American Society of 
Metals, American Society for Testing 
Materials, and is Chairman of the 
Milwaukee Section of the AMERICAN 
WELDING SOCTETY 


The biography of authors who are pre- 
senting papers at the joint sessions on 
Welding with the American Society of 
Mechanical Engineers on Thursday are 
printed in connection with their respective 
papers 


Correction 


In the 1936 Year Book in Alphabetical 
list of members, the word ‘‘Austria’’ was 
omitted from the address of Mr. Otto 
Weigner, Chief Engineer, Elin A. G. 
Vienna, 1, Volksgartenstrasse 3. In the 
geographical list his name should have been 
included under “Austria.” 

The name of Mr. W. H. Ludington, 
Vice-President and General Manager of 
the Metals Coating Company of America, 
495 North Third Street, Philadelphia, 
was inadvertently omitted from the Year 
300k. Mr. Ludington is a ‘‘Member”’ in 
good standing and has been for some 
time. He is Chairman of the Board of 
Trustees of the Miller Memorial Medal 
and also a member of the Committee on 
Revision of By-Laws. 

The following names should also have 
been included: 


O. L. Howland, Hollup Corporation, 
3357 West 47th Place, Chicago, Ill. Mr. 
Howland is a ‘‘Member.’ 

Karl F. Rodgers, Bell Telephone Labs. 
Inc., 463 West Street, New York City, an 

Associate Member.”’ 


Standard Metal Directory 


This new directory contains close to 700 
pages of valuable information. The 
general section lists more than 10,000 of 
the principal blast furnaces, steel mills, 
foundries, smelters, manufacturers, etc., 
in the United States with a detailed 
report on each firm. 

lhis directory is published by the Atlas 
Publishing Co., Inc., publishers of the 
Daily Metal Reporter The Directory 
sells for tl0a copy. 


G. D. Spackman Made General 


uperintendent, Lukens Steel 


Company 
p Ma G. Donald Spackman who has been 
aa of Lukenweld, Inc., a division 
Or Luken 


steel Company, has been made 


SOCIETY AND RELATED 


General Superintendent of Lukens Steel 
Company to succeed J. H. McElhinney, 
who has resigned to assume another posi 
tion. Mr. Spackman is a native of Coates- 
ville, Pa., and a graduate of Swarthmore 


College. He has played an important 
part in the continuous growth of Luken- 
weld, Inc. Mr. Spackman first joined 


Lukens Steel Company in the Summer of 
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1919, serving successively in the Mechani 
cal Department, as Fuel Engineer, Super 
intendent of Flanging Department and 
Assistant General Superintendent prior 
to his election as President of Lukenweld, 
Inc. His experience fully qualifies him 
for his latest promotion. Mr. Spackman 
is a member of the Board of Directors of 
the AMERICAN WELDING SOcIRTY 


EMPLOYMENT SERVICE BULLETIN 


SERVICES AVAILABLE 
A-233. Electric Welder with fifteen 
years’ experience on shipbuilding, pipe, 
construction, railroad 


POSITION VACANT 
V-72. Metallurgist wanted. Old reli- 
able concern in East for years manufactur- 


SECTION 


CHICAGO 


The first meeting of the season of the 
Chicago Section was held on September 
18th at 6:30 P.M. in the Spanish Room, 
23rd Floor, Medical and Dental Arts 
Building, Chicago. Dinner was served at 
6:30. Mr. J. J. Banash, consulting engi- 
neer, was chairman of the meeting, which 
was devoted to a series of talks dealing 
with welding and cutting, and with the 
activities and purposes of the AMERICAN 
WELDING SOCIETY 

The feature was a “coffee talk’’ by 
J. F. Lincoln of The Lincoln Electric 
Company who discussed world develop 
ments in welding, and his air trips over 
Africa and on the Hindenburg cross the 
Atlantic. Mr. Lincoln illustrated his 
talk with pictures. Mr. Lincoln’s talk 
and pictures were very interesting. 


DETROIT 


The following officers of the Detroit 
Section were elected at a meeting on Sep- 
tember 24th: 

Chairman—J. D. Tebben, P. R. Mallory 
& Co. 

Vice-Chairman—Vaughn Reid 

Sec’y & Treas~—Don H. Corey, The 
Detroit Edison Co. 

Executive Committee for 1936-1938 
Walter Anderson and Joe Calley 

Executive Committee for 1937 and 
1937—C. A. Bowlus and C. F. Centers 

The first meeting of the 1936-1937 
season will be held on October 16th. Mr 
Albert E. Hackett of the Thomson Gibb 
Electric Welding Company will present a 
program commemorating the 50th anni 
versary of the invention of resistance elec 
tric welding, and honoring the inventor, 
Professor Elihu Thomson. The first 
welding transformer ever made has been 
brought to Detroit from the Franklin 
Institute especially for the meeting 


LOS ANGELES 


The regular meeting was held on Sep- 
tember 24th at the Los Angeles Chamber 


ing complete range of electrodes for arc 
welding has opening for junior Metallur 
gist; must be graduate in metallurgy and 
preferably with some experience in weld 
ing. Salary will depend on ability and 
experience, with opportunities for ad 
vancement. 
confidential 


All correspondence strictly 
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of Commerce Building with fifty-seven 
members and guests present Dinner 
was served at 6:30 P.M., after which the 
meeting was called to order by Chairman 


Blake 


A round table discussion of welding 
problems was held rhe following ques 
tions were discussed 

(1) Can physical properties of weld 
metal be controlled by variations in 
amperage and voltage or by manipulation 


of the electrode? 

(2) How can the amount of peening 
needed to stress relieve welds be regu 
lated? How can the necessary amount 
of peening be standardized and regulated? 

(3) Is it desirable to peen 18-8 weld 
deposits? 

(4) What is a proper method of weld 
ing and reinforcing a 45 degree branch? 
A 90 degree branch connection? 

(5) What are the advantages of uphill 
and downhill vertical welding? 

(6) Would it be desirable to do vertical 
welding uphill in string beads? 

Mr. C. J. Nyquist presented a brief 
description of a novel fabricating method 
now being used on a church building, 
where, by the use of welding and round 
bars, the entire framework is erected 
without the use of structural shapes 

This type of meeting proved very 
popular and the number of operating 
welders present was extremely grati ying 


NEW YORK 


The first monthly meeting of the season 
was held on Tuesday, October 6th in the 
Engineering Societies Building A stimu 
lating discussion on, ““‘What we really 
know about Welding, was given by 
Leon C Bibber, Welding Engineer, 
Carnegie-Illinois Steel Corporation A 
lively discussion followed 


PHILADELPHIA 


At the September 2lst meeting Mr 
Walter Graf of the Engineering Depart 
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tal 
L\O0Der 


ment, Edw. G. Budd Manufacturing Co., September 25th at The Athens Athletic 
presented in his absence Mr. J. W Club, Oakland. Dinner preceded the meet- 
Meadowcroft’s paper ‘‘Modern Day Weld- ing at 6:30P.M. The main meeting started 
ing in the Automotive and Railway at 7:45 P.M. Refreshments were served encountered and also gave interesting 
Fields.”’ at the main meeting. The main feature highlights on the native labor, custom: 
Dri C. A. Adams is the scheduled of the program was the Premiere Showing language and weather. Needless to ga, 
speaker for the October meeting which of a most interesting moving picture film this was a very interesting presentation 
will be held on the evening of the 26th. illustrating each state of the Standard Mr. K. V. King continued his exceed 
Oil Company’s operations at the Bahrein ingly interesting and condensed survey 
SAN FRANCISCO Oil Fields in Persia. Mr. E. J Nelson, of outstanding articles on welding which 
one of the Standard Oil Company’s Engi- recently appeared in the Society Journa 
The opening meeting of the Fall season neers who was in Bahrein during the early 
of the San Francisco Section was held on construction stages and who is now 


concerned with the design phases of thi 
interesting project, explained many of the 


construction problems which have hee; 


as well as in other contemporary lite; 
ture 





Engineers, Designers and Welding Users 


AVOID COSTLY MISTAKES “ANTI - BORAX” 
* * * 


© thts Rk aide eine Oxy-Acetylene Welding and Brazing 
Find the Right Answer to All Welding you thousands of dollars. 
Problems in the New 


Procedure Handbook of Arc On" OUR COPY — FLUX ES 
Welding Design and Practice , Are Unequaled for Quality 


586 P. a Illa strati , includ- RP ig . , , . . 
ing tad Punsn ak bananas Weis Dare re A Flux for every metal: Cast Iron Welding Flux 
© Presedure Handheth te thomest valuable macro No. 1; Brazing Flux No.2; Braz-Cast Flux No. 4, 
work of its kind ever published. Recognized for bronze welding cast iron; *ABC”’ Aluminum 
everywhere as the authority on electric Flux No. 8 for sheet Aluminum and all alloys of 
welding. Used by prominent engineering 1 P — woot ier = N :, 
schools and thousands of industrial plants Aluminum; Stainless Steel Flux No. 9: _ Silver 
in the U.S. and foreign countries. Solder Brazing Flux No. 10; *“*Anti-Borax’’ Tinning 
New edition contains complete and accu- Compound No. 11. 
rate data on all latest arc welding applica- : R 
tions and design procedures — everything Send for Free Samples 
you need to know for most efficient use of e ‘ r . - . _— 
4 Printed on fine paper with semi- J ial | > T 
arc welding. Order your copy now! lextbla bindintt of stmutlated ANTI BORAX COMI Ol ND COMPANY 
AMERICAN WELDING SOCIETY leather, gold embossed; size 6 x 9 Fort Wayne, Indiana 
33 West 39th Street inches. 
New York, N. Y. 











Back of the 
Welder’s Skill 


UT yourself in the welder’s place. 

You expect him to turn out a perfect 
weld. Faulty welds hinder production, 
increase your labor costs. He’s skillful, 
experienced. But that’s not enough. You, 
the man who buys his materials, are the 
one person who can give his craftsman- 
ship full play. 

Because it is shop-tested during manu- 
facture and re-tested before shipment, 
Premier Tested Welding Wire assures this 
maximum utilization of the welder’s skill. 
Every bundle is checked to make certain 
that you get welding wire that is free- approved methods for electric and gas 
flowing, deeply penetrating, free from welding, along with suggestions for the 
impurities and excessive sputtering, uni- selection of electrodes and welding rods. 
form in quality. It tells you of the many grades of Premier 


Write today for the Premier Welder’s Tested Welding Wire on hand to meet WELDING CABLE 


Handbook — a condensed manual on weld- your demands. A postal card brings this 


ing practice full of helpful information on new hand-book to you. eee 
— AMERICAN STEEL 
Us} 


On this gas line project welds must be tight and stay tight. Premier Tested Welding Wire, 
tested at the factory to insure deep penetration with no risk of failure, was selected for 


& WIRE COMPANY ’ ee tous. 
» > Ret + ; 2 Welding Cables are tom 
208 South La Salle Street, Chicago . Empire State Building, New York ome Se ee fenible Manulectt 
in strict accordance with latest 1 PC EA spe“ 
tions for Arc Welding Cable. 


Columbia Steel Company, San Francisco, Pacific Coast Distributors 
United States Steel Products Company, New York, Export Distributors 


Our Advertisers Are Supporting the Society 





